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ISOLATION AND CHARACTERIZATION OF
BACTERIOPHAGE INFECTIOUS FOR 
PSEUDOMONAS AERUGINOSA
CHAPTER I 
INTRODUCTION
Bacte r iophage  which i n f e c t  Pseudomonas a e ru g in osa  
a re  m orp h o lo g ica l ly  s i m i l a r  to  those  which i n f e c t  the  co l i fo rm  
b a c t e r i a .  B rad ley  (1967) r e p o r t s  t h a t  t h e r e  a re  s i x  genera l  
m orpho log ica l  types  of  b a c te r io p h a g e  and t h a t  f i v e  of  these  
have been r e p o r t e d  as i n f e c to u s  f o r  the  pseudomonads. The 
phage may have long t a i l s  w i th  or w i th o u t  s h e a th s .  Those 
l a c k in g  sh e a th s  may have v a r io u s  s t r u c t u r e s  such as  f i b e r s ,  
knobs or  c ro s s  shaped appendages on the  t a i l .  The t a i l s  may 
be s t r a i g h t  or curved.  Some of  the  s h o r t  t a i l e d  phage a l s o  
have complex f i b r o u s  s t r u c t u r e s .  Phage l a c k in g  t a i l s  have 
a l s o  been r e p o r t e d .  These a re  r i b o n u c l e i c  a c id  c o n ta in in g  
phage which a t t a c h  to  b a c t e r i a l  p i l i . T a i l l e s s  phage i n ­
f e c t i n g  E sc h e r i c h ia  c o l i  a r e  male s p e c i f i c  w hi le  those i n ­
f e c t i n g  the  pseudomonads have no t  been found to be sex 
s p e c i f i c .  Fi lamentuous phage have been r e p o r t e d  among those  
i n f e c t i n g  bo th  the  c o l i fo rm  and pseudomonad b a c t e r i a .
1
2Wo g e n e t ic  s t u d i e s  of  phage i n f e c t i o u s  in  the  pseudo­
monads have been r e p o r t e d .  As a p r e l im in a r y  s te p  toward such 
s t u d i e s  a c o l l e c t i o n  of f i v e  s t r a i n s  of Pseudomonas 
ae ru g ino sa  and b a c te r io p h ag e  i n f e c t i o u s  in  them has been 
made. The b a c t e r i a  have been i d e n t i f i e d  as _Ps. a e ru g in o sa  
on the  b a s i s  o f  c r i t e r i a  d e sc r ib e d  by S t a n ie r  (1966) and i n  
B e rgey 's  Mannual (1956).
Many s t r a i n s  of Ps a e ru g in o sa  demonstra te  an  a u to -  
l y t i c  phenomenon. This a u t o l y t i c  phenomenon i s  the  sponta­
neous l y s i n g  of  some of  the b a c t e r i a  w i th in  a colony or 
, s t r e a k  of  b a c t e r i a .  The r e s u l t  i s  a plaque which resem bles  
the  p laques  formed by phage. However the a u t o l y t i c  p laques  
thus f a r  s t u d ie d  have f a i l e d  to  y i e l d  phage.
Some Pseudomonads a l s o  produce pyoc ins ,  which a re  
b a c t e r i o c i n s  s p e c i f i c  to  the  pseudomonads. B a c t e r i o c i n s  r e ­
semble phage i n  t h a t  they produce l y s i s  of  i n f e c t e d  b a c t e r i a ,  
e x h i b i t  h o s t  range  c h a r a c t e r i s t i c s  s i m i l a r  to  bu t  n o t  
i d e n t i c a l  w i th  those  of  phage. U nl ike  phage the  l y s i s  of 
i n f e c t e d  b a c t e r i a  by b a c t e r i o c i n s  f a i l s  to  y i e l d  progeny. 
Phage and the  pyocins have been used i n  typ ing  s t r a i n s  of 
Ps ae ru g in o sa  ( S t a n i e r ,  1966, S u t l e r ,  1963, and D a r r e l l  and 
Wahaba, 196^).
Pigments produced by the  pseudomonads a re  a l s o  u sefu l  
i n  t h e i r  c h a r a c t e r i z a t i o n .  Ps a e ru g in o sa  produces a b lue  
pigment,  pyocyanin, which i s  u s e f u l  i n  i d e n t i f y i n g  t h i s  
s p e c i e s .  I t  i s  s o lu b le  i n  ch lo ro form  and i n  w a te r .  I t  i s
3e a s i l y  s e p a r a t e d  from the f l u o r e s c i n s  which a re  n o t  s o lu b le  
i n  ch lo ro form .  In  water  which i s  a c id  the  c o lo r  changes from 
b lue  to  v a r io u s  shades o f  red  or  brown. When bo th  the  
f l u o r e s c i n s  and pyocyanin a re  p r e s e n t  the medium becomes 
g reen .
The phage used i n  t h i s  p r o j e c t  have been c h a r a c t e r ­
ized  i n  r e s p e c t  to  t h e i r  plaque morphology, v i r o n  morphology, 
s e r o l o g i c a l  r e l a t i o n s h i p s ,  growth c h a r a c t e r i s t i c s ,  r e ­
s i s t a n c e  to v a r io u s  chemical  and p h y s i c a l  a g e n t s ,  n u c l e i c  
a c id  type and the  m e l t in g  p o in t  and base  r a t i o s  of  t h e i r  
n u c l e i c  a c i d s .
Phage which had c h a r a c t e r i s t i c s  of  i n t e r e s t  to a 
g e n e t i c i s t  were s e l e c t e d  fo r  more d e t a i l e d  s tu d y .  Some of  
th e s e  c h a r a c t e r i s t i c s  in c lu d e  the  s t a b i l i t y  of l y s a t e s  on 
s to r a g e  and the  u n i f o r m i ty  o f  p laque  morphology. Other i n ­
t e r e s t i n g  c h a r a c t e r i s t i c s  r ecog n ized  in  the course  o f  the 
program w i l l  be p re sen te d  i n  t h i s  d i s s e r t a t i o n ,  a long  with  
comparisons o f  th ese  phage w i th  those  d e sc r ib e d  i n  the  
l i t e r a t u r e .
CHAPTER TI
MATERIALS AND METHODS
I s o l a t i o n  of Pseudomonas ae ru g in o sa  S t r a in s  
One s t r a i n  o f  Ps a e ru g ino sa  was ob ta ined  from the  
c u l t u r e  c o l l e c t i o n  of  the Department of  Botany and Micro­
b io lo gy  a t  the  U n i v e r s i t y  of  Oklahoma, Norman, Oklahoma.
Three a d d i t i o n a l  s t r a i n s  were i s o l a t e d  from raw sewage. The 
sewage was ob ta in ed  from the  munic ipal  sewage p l a n t  a t  
Norman, Oklahoma. The method used was t h a t  of Ringen e t  a l . 
( 1952) .  A f i f t h  s t r a i n  was o b ta in ed  from a c l i n i c a l  s p e c i ­
men. The s t r a i n s  have been d e s ig n a te d  as PI fo r  the  c u l t u r e  
c o l l e c t i o n  s t r a i n ,  4 , and X f o r  the sewage i s o l a t e s  and H 
f o r  the  one i s o l a t e d  from the c l i n i c a l  specimen.
C u l tu re  Media 
Difco n u t r i e n t  b r o th  and Difco n u t r i e n t  ha rd  agar  
( 1 . 5^) and Difco n u t r i e n t  s o f t  agar  iO.7%) supplemented w i th  
0.75% NaCl were used to  c u l t i v a t e  bo th  the  b a c t e r i a  and the 
phage. Because the b a c t e r i a  and phage a re  to  be used in  
f u t u r e  g e n e t ic  s t u d i e s  t h e i r  a b i l i t y  to  grow in  d e f in e d  media 
was a l s o  i n v e s t i g a t e d .  The medium s e l e c t e d  was t h a t  of
i+
Vogel and Bonner (1956) herein  re ferred  to as V ogel's  
medium.
Some media were chosen to c h a r a c t e r i z e  the newly 
i s o la t e d  b a c t e r i a l  s t r a i n s .  These media a re  l i s t e d  in  
Table 1. Kings media A and B a re  used to enhance the pro ­
d u c t io n  of  pyocyanin or  f lo u r e s c in ,  r e s p e c t i v e l y  (King,
195^)* Pyocyanin i s  b e l i e v e d  to be produced only by Ps 
a e r u g i n o s a . The f l u o r e s c i n s  are produced by severa l members 
of  the  genus (B e rg ey 's  manual , 1956). JPs p u t id a  and Ps 
f l u o r e s c e n s  and Ps a e ru g ino sa  produce f lu o r e sc e n t  pigments .
L ipase  production was determined on S i e r r a ' s  medium 
which permits the  growth of the pseudomonads whether or no t  
they  a re  a b le  to  hydrolyze the t e s t  l i p i d .  A p o s i t i v e  t e s t  
i s  i n d i c a t e d  by the  fo rm a t io n  of a w hi te  p r e c i p i t a t e  i n  the 
r e g io n  of  growth ( S i e r r a ,  1957). These l i p o l y t i c  enzymes 
a re  a b le  to  d i f f u s e  through the  medium so r ea d ily  t h a t  only 
one s t r a i n  could  be s t r e a k e d  on a p l a t e .
Wensinck e t  a l . (196?) in v e s t ig a te d  the in f lu en ce  of  
n u t r i t i o n a l  c o n d i t i o n s  on the a u to ly t ic  phenomenon. They 
used three media to  study the  r e l a t i o n s h i p  to  t ryp to ph an  
metabolism. One o f  th e s e ,  the g ly c e r o l  ammonium ch loride  
medium i s  supposed t o  enhance t h i s  phenomenon, thus making i t  
more a c c e s s i b l e  to  i n v e s t i g a t i o n .  This medium was used to 
t e s t  the v a r io u s  s t r a i n s  f o r  a u t o l y s i s . A p o s i t i v e  r e s u l t  
was i n d i c a t e d  by pocking of  the  streak  o f  b a c t e r i a l  growth 
fo l low ed  by a brown d i s c o l o r a t i o n  and irr id escen ce  on the
6s u r f a c e  of the  growth. These c h a r a c t e r i s t i c s  were compared 
to  those developing  on n u t r i e n t  agar  c u l t u r e s .  At the  time 
t h i s  phenomenon was cons idered  to be o f  i n t e r e s t  f o r  a pos­
s i b l e  g e n e t ic  s tudy .
The presence  of p r o t e o l y t i c  enzymes was i n v e s t i g a t e d  
u s ing  F r a z i e r ' s  g e l a t i n  ag a r  and l i tm u s  m ilk .  The l i tm u s  
milk  a l s o  was used as  an i n d i c a t o r  o f  changes i n  pH dur ing  
the  development of a c u l t u r e  ( F r a z i e r  1926, c i t e d  i n  Skerman 
1959).
The a b i l i t y  o f  Ps a e ru g in osa  to  grow a t  h igh  (^2 C) 
tem p era tu re s  bu t  n o t  a t  ^ C i s  used to  d i s t i n g u i s h  t h i s  
s p e c ie s  from Ps p u t id a  and Ps f l u o r e s c e n s  (Bergey 1959, 
S t a n i e r  1966). Growth a t  ^ C and a t  31 C, 37 C and k2 C was 
t e s t e d  us ing  b r o th  c u l t u r e s .  The growth was measured by 
means of  i n c r e a s in g  absorbancy a t  4-20 mpi, measured w i th  a 
Bausch and Lomb s p e c t r o n i c  20 c o lo r i m e t e r .  Observa t ions  were 
c o n t in u ed  u n t i l  an absorbance  of  1.0 was a t t a i n e d ,  or  f o r  
seven days i n  those  cases  i n  which no in c r e a s e  i n  absorbancy 
was observed .
Ps ae ru g in o sa  i s  c h a r a c t e r i s t i c a l l y  r e s i s t a n t  to  
many a n t i b i o t i c s  ( S t a n i e r  1966, Doi 1968). The c a p a c i ty  of 
s t r a i n s  to  grow in  th e  presence  o f  s e v e r a l  a n t i b i o t i c s  was 
t e s t e d  by in o c u l a t i n g  n u t r i e n t  agar  p l a t e s  w i th  a washed 
o v e rn ig h t  c u l t u r e  of  th e  t e s t  s t r a i n .  The p l a t e s  were in c u ­
b a te d  f o r  90 min a t  31 0 and th e n  Difco s e n s i  d i sk s  were 
p laced  over the  su r face  o f  the  p l a t e .  I n c u b a t io n  a t  31 C
7was co n t inued  f o r  two days .  The p l a t e s  were observed  a t  
l e a s t  t h r e e  times du r in g  t h i s  p e r io d .  A p o s i t i v e  t e s t  was 
i n d i c a t e d  by c l e a r i n g  around the  d i s k .
Unless  o th e rw ise  i n d i c a t e d  a l l  of  the  c u l t u r e s  
d e s c r ib e d  above were incub a ted  a t  31 C.
Growth Stud ies
The a b i l i t y  of  these  b a c t e r i a  to  grow under v a r io u s  
c o n d i t i o n s  o f  tem pera tu re  and a e r a t i o n  was de te rm ined .
This i n fo rm a t io n  i s  needed to  de te rmine  the  t imes of  c u l t i ­
v a t i o n  r e q u i r e d  to  o b t a i n  the  d e s i r e d  numbers o f  b a c t e r i a  
f o r  p a r t i c u l a r  exper im en ts .  The number of  phage per 
b a c te r iu m  must be known in  o rde r  to  i n t e r p r e t  the  r e s u l t s  
o f  a d s o r p t io n  s t u d i e s  and one s t e p  growth s t u d i e s  of the  
d i f f e r e n t  phage. This in fo rm a t io n  i s  a l s o  needed in  the 
p lan n in g  of experiments  des igned  to  o b t a i n  mutants  and to  
de te rm ine  the  pe rcen tage  of  s u r v iv o r s  of  any chemical  or 
p h y s i c a l  t r e a tm e n t s .  The r a p id  growth of  Ps ae ru g in o sa  
a t  37 C made t h i s  tem p era tu re  u n d e s i r a b l e  fo r  the  p r e p a r a ­
t i o n  of  o v e rn ig h t  c u l t u r e s . Growth i n  n u t r i e n t  broth a t  
31 C was found to  be the  most s a t i s f a c t o r y  means of  o b t a i n ­
ing such c u l t u r e s .  Because t h i s  sp e c ie s  i s  a e r o b i c ,  i t  i s  
n e c e s s a r y  to  in cu b a te  b ro th  c u l t u r e s  on a s lo p in g  s u r f a c e  i n  
o rd e r  to perm it  exchange of  g a se s .  These o v e rn ig h t  c u l t u r e s  
were c e n t r i f u g e d  and resuspended  i n  a sm a l le r  volume of  
b r o t h ,  u s u a l l y  1 /5  the o r i g i n a l .  This p r e p a r a t i o n  was th en  
used  as the  inoculum f o r  c u l t u r e s  made th roughout  the  day.
I t  was kep t  a t  room te m p era tu re .  When the t i t e r  of the 
c u l t u r e  a t  a p a r t i c u l a r  t ime had to  be known the  c u l t u r e  was 
s t a r t e d  a t  an absorbancy o f  0 .0 5 -0 .0 9 .  Shake c u l t u r e s  i n ­
cubated  a t  37 0 were grown i n  th e  New Brunswick gy ro to ry  
shaker  i n c u b a to r .  The time of  i n c u b a t io n  d i f f e r e d  for the  
v a r io u s  s t r a i n s  used .  S t r a i n  PI was incu b a ted  2-3 hours  and 
s t r a i n  H f o r  th r e e  to  t h r e e  and one h a l f  hours  to  o b ta in  
t i t e r s  of  app rox im ate ly  10® c e l l s  per ml. I n c r e a s in g  ab­
sorbancy could no t  be used as an i n d i c a t i o n  of  the  number of 
c e l l s / m l  due to p ro d u c t io n  of sl ime which a l s o  s c a t t e r e d  
l i g h t .  Growth curves  by colony counts  made on s o f t  agar  
o v e r l a y  p l a t e s  were used to  de termine  the d e s i r a b l e  in cu ­
b a t i o n  times Adams (19 59).
I s o l a t i o n  of Bac ter iophage  
The b a c te r io p h a g e  used i n  th ese  s t u d i e s  were i s o l a t e d  
from raw sewage by the  method d e sc r ib e d  in  Adams (1959).  
Sewage was o b ta in ed  from the  m unic ipal  sewage p l a n t  a t  
Norman, Oklahoma. Phage from more than  f i f t y  p laques  were 
i s o l a t e d  from b a c t e r i a l  s t r a i n  P I . Of th e se  only one had 
the  s t a b i l i t y  on s to r a g e  and c o n s i s t a n c y  of  plaque type de­
s i r a b l e  f o r  g e n e t i c  i n v e s t i g a t i o n s ,  and was o b t a i n a b l e  i n  
h igh  t i t e r s  by the normal l a b o r a t o r y  p r o c e d u r e s . This phage 
was d e s ig n a te d  as VI. Other phage i s o l a t e d  from s t r a i n  P1 
have been kep t  and were s u b je c te d  to  some of  the t e s t s  ap­
p l i e d  to  VI. Nine phage were i s o l a t e d  from s t r a i n  H. Of 
t h e s e ,  two proved to  be c o n s i s t a n t  i n  plaque morphology and
9o b ta in a b le  i n  h igh  t i t e r s .  They a re  not  as  s t a b l e  on s to ra g e  
as VI bu t  a re  s t a b l e  enough to  be used ,  p rov ided  f r e s h  
l y s a t e s  a re  p repared  a t  about  weekly i n t e r v a l s .  These phage 
have been d e s ig n a ted  2H and 3H.
Morphology of  the Phage 
An e s t im a te  of  the s i z e  o f  the v i ro n s  was ob ta ined  
by p a ss in g  a c e n t r i f u g e d  l y s a t e  through a 10 mp. M il ipore  
f i l t e r .  The s i z e  of  the  v i r o n s  was a l s o  e s t im a te d  by the 
measurement of  electron micrographs .  These e l e c t r o n  micro­
graphs were prepared  i n  the  Samuel Roberts  Nobel Labora to ry  
o f  E le c t r o n  Science Microscopy. Grids were p repa red  from 
l y s a t e s  grown on n u t r i e n t  s o f t  agar  p l a t e s  by the  ove r lay  
t e c h n i c ,  or  from broth c u l t u r e s  of  the  phage. Enough phage 
were added to  the s o f t  agar  to  y i e l d  c o n f lu e n t  l y s i s .  Tlie 
p l a t e s  were incuba ted  o v e rn ig h t  a t  31 C. The ly s a te  was 
c o l l e c t e d  i n  n u t r i e n t  broth and c e n t r i f u g e d ,  and the su p e r ­
n a t a n t  was r e c e n t r i f u g e d  and d ecan ted .  The g r i d s  were p r e ­
pared  by p lac in g  a drop o f  t h i s  l y s a t e  on the g r i d ,  a l lowing 
i t  to  adsorb  fo r  one minute and th en  n e g a t iv e  s t a i n i n g  i t  
f o r  35 se c .  The s t a i n  was sodium p h o sp h o tun g s t ic  a c id  (1%) 
i n  su c ro se .
Phage A n t i s e ra  
S p e c i f i c  a n t i s e r a  were prepa red  u s in g  each of  the 
t h r e e  phage as a n t i g e n s .  Crude c e n t r i f u g e d  l y s a t e s  were 
p rep a red  each week f o r  use  as the  a n t i g e n .  The method used
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i s  t h a t  d e s c r ib e d  i n  Adams (1959)* The s e r a  were s t o r e d  in  
the  r e f r i g e r a t o r ,  and were used to  de te rmine  the  s e r o ­
l o g i c a l  r e l a t i o n s h i p s  among the  phage, the  a d s o r p t io n  r a t e  
of  the  phage to  t h e i r  h o s t  c e l l s ,  and in  the  performance of 
one s t e p  growth exper im en ts .
D i f f e r e n t i a t i o n  among the Phage
Phage were s e l e c t e d  e a r l y  i n  the  i s o l a t i o n  procedure  
on a b a s i s  o f  d i f f e r e n c e s  i n  p laque  morphology. F u r th e r  
d i f f e r e n t i a t i o n  was made on th e  b a s i s  of  d i f f e r e n c e s  i n  the 
h o s t  range  and e f f i c i e n c y  o f  p l a t i n g ( e o p )  c h a r a c t e r i s t i c s .  
E f f i c i e n c y  o f  p l a t i n g  i s  d e sc r ib e d  as the  number of v i a b l e  
phage p a r t i c l e s  which can be d e t e c t e d  u s in g  a p a r t i c u l a r  
b a c t e r i a l  i n d i c a t o r  s t r a i n .  I t  i s  a c h a r a c t e r i s t i c  of  both 
the  phage and the  h o s t  b a c te r iu m .  The phage s e l e c t e d  by 
th e s e  methods were then  t e s t e d  f o r  t h e i r  s e r o l o g i c a l  r e l a ­
t i o n s h i p s  .
The h o s t  range o f  the  phage was de te rm ined  by the 
cross s t r e a k  method. Overnight  broth c u l t u r e s  o f  the  f iv e  
s t r a i n s  of  Ps a e ru g in o sa  were c e n t r i f u g e d  and resuspended i n  
n u t r i e n t  b r o t h .  Two s t r a i n s  were s t r e a k e d  on each n u t r i e n t  
agar  p l a t e .  The t h r e e  p l a t e s  were in cu ba ted  a t  31 0 fo r  a 
s h o r t  time ( u s u a l l y  90 min .)  and th en  b r o t h  l y s a t e s  of  the 
phage were s t r e a k e d  across each of  the b a c t e r i a l  s t r a i n s .  A 
s t r e a k  of n u t r i e n t  b r o th  was used as a c o n t r o l .  The p l a t e s  
were in cu b a ted  a t  31 0 and observed  a few hours  a f t e r  s t r e a k ­
ing  and a g a in  a f t e r  18-24- hours of  i n c u b a t i o n .  Areas of
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c l e a r i n g  g r e a t e r  than those  made by the b ro th  c o n t r o l  were 
cons id e red  as p o s i t i v e .  When p laques  were observed i n  the 
cross  s t r e a k  and no t  a long the  e n t i r e  l e n g th  of the  s t r e a k  
they were a l s o  cons idered  as  p o s i t i v e .  These r e s u l t s  were 
then checked and f u r t h e r  sc reened  by an e f f i c ie n c y  of 
p l a t i n g  experiment  u s ing  only those  phage which appeared  
to  be d i s t i n c t  s t r a i n s .
The eop screening t e s t  was made by p ic k in g  plaques  
of  the  phage i n t o  b r o th  and p l a t i n g  l o o p f u l l s  by the s o f t  
agar  o v e r la y  techn ique  (Adams 1959)- The r e s u l t s  of  th ese  
t e s t s  a r e . t h e r e f o r e  only rough ly  q u a n t i t a t i v e .  They d id  
perm it  a comparison o f  the  a b i l i t y  of  the  phage to  grow i n  
the  v a r io u s  b a c t e r i a l  s t r a i n s  and al lowed a comparison of  
the  p laque morphology in  each s t r a i n .  Experiments more ap­
p r o p r i a t e l y  c a l l e d  eop were made us ing  phages VI, 2H and 3H. 
In  th e s e  experiments  b r o th  l y s a t e s  were assayed  u s in g  each 
of  the  b a c t e r i a l  s t r a i n s  as the  lawn.
The s e r o l o g i c a l  r e l a t i o n s h i p s  between the  phage were 
de te rmined by performing exper iments  i n  which the  i n a c t i v a ­
t i o n  of  phage by the s e v e r a l  d i f f e r e n t  a n t i s e r a  were compared 
(serum i n a c t i v a t i o n  e x p e r im e n t s ) .  The techn ique  used  was 
t h a t  d e sc r ib e d  i n  Adams (1959) .  Each of  the  t h r e e  a n t i s e r a  
was used  to  i n a c t i v a t e  each o f  the  t h r e e  phage.
The serum i n a c t i v a t i o n  experiment  was performed a t  
37 C. A known number of phage were d i l u t e d  i n t o  a known 
volume of  serum. Samples were t aken  a t  i n t e r v a l s  and d i l u t e d
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to  s top  the  a c t i o n  of  the  serum. The sample was then  p la t e d  
with  a p p r o p r i a t e  i n d i c a t o r  c e l l s  to  de termine  the percen tage  
of  s u r v i v o r s .  The data may a l s o  be used to  c a l c u l a t e  the 
phage i n a c t i v a t i o n  v e l o c i t y  c o n s t a n t  (K) of each serum. In 
e i t h e r  case  the  K va lue  or the  p e rc e n t  s u r v i v a l  i s  used to 
i n d i c a t e  the  s e r o l o g i c a l  r e l a t i o n s h i p s  between phages.
These va lues  a re  a l s o  used to  de te rmine  the  d i l u t i o n  of  the 
serum and the  time needed to  i n a c t i v a t e  a c e r t a i n  number of 
phage. This in fo rm a t io n  i s  needed i n  a d s o r p t io n  s t u d i e s  and 
one s t e p  growth exper im ents .
A dsorp t ion  o f  Phage to  B a c te r i a  
The r a t e  a t  which phage i s  adsorbed to  the h o s t  c e l l s  
was determined by the method d e sc r ib e d  i n  Adams (1959)• Log 
phase b a c te r ia l  c u l t u r e s  were p repa red  as p r e v io u s ly  de­
s c r i b e d .  The phage were d i l u t e d  to  a c o n c e n t r a t i o n  of  about  
5 X 107 plaque forming u n i t s  (p fu )  per ml. The homologous 
a n t i se ru m  should  be d i l u t e d  so t h a t  about 98^ o f  the  f r e e  
phage would be i n a c t i v a t e d  w i t h i n  f i v e  m inu tes .  The g r e a t e s t  
d i l u t i o n  o f  serum which w i l l  i n a c t i v a t e  t h i s  number o f  phage 
i s  used so t h a t  a minimum of  d i l u t i o n  w i l l  s top  the  a c t i v i t y  
of  the  serum. At zero  time ( t g ) ,  0.1 ml of  phage a re  added 
to  0 .9  ml of  c e l l s  a t  37 0.  At i n t e r v a l s  samples a re  
d i l u t e d  i n t o  the  serum and in cu b a te d  a t  37 0 for  5 min.
They a re  th en  f u r t h e r  d i l u t e d  to  s top  the  serum from i n ­
a c t i v a t i n g  any phage l i b e r a t e d  by b u r s t s .  Samples o f  these
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i n f e c t i v e  c e n t e r s  a re  p l a t e d  u s in g  log  phase c e l l s  as the  
lawn. The a n t i s e r a  a r e  e f f e c t i v e  only a g a i n s t  unadsorbed 
phage.
One Step Growth S tud ies  
One s t e p  growth experiments  a re  made to  de te rmine  
the l e n g t h  o f  time from the  mixing o f  the  phage and h o s t  
c e l l s  to  the  f i r s t  l i b e r a t i o n  o f  new phage ( th e  l a t e n t
p e r i o d ) ,  the  l e n g t h  of  time from the  end of  the l a t e n t  pe r iod
to the  p l a t e a u  ( th e  r i s e  p e r i o d ) ,  and the  average number of  
phage l i b e r a t e d  by a bac te r ium  ( th e  b u r s t  s i z e ) .  The p ro ­
cedure  f o r  performing t h i s  exper iment  i s  d e sc r ib e d  i n  Adams 
(1959)- Log phase c e l l s  and d i l u t e d  phage a re  mixed as they 
a re  i n  an a d s o r p t io n  exper iment .  A f te r  time has been a l ­
lowed f o r  abou t  90fo o f  the  phage to  ad so rb ,  a 0.1 ml sample 
i s  d i l u t e d  i n t o  0 .9  ml of  s p e c i f i c  a n t i s e ru m .  Time i s  
a l lowed fo r  the i n a c t i v a t i o n  o f  3Q% o f  the  f r e e  phage.  The 
mixture  i s  th en  d i l u t e d  to  s to p  i n a c t i v a t i o n  by th e  serum.
The d i l u t i o n  tube  i s  f u r t h e r  d i l u t e d  so t h a t  the  f i r s t  growth 
tube c o n ta in s  about  one thousand p fu /m l  and the  second growth
tube c o n ta in s  about  t e n  p fu /m l .  Samples o f  the  two tubes  a re
p l a t e d  a t  i n t e r v a l s  u n t i l  the  end o f  the  r i s e  p e r i o d .  The 
p l a t i n g  method i s  the  s o f t  agar  o v e r l a y  tec h n iq u e .  The 
p l a t e s  were in cu b a ted  a t  31 C. Both the  in p u t  phage and the 
log  phase c e l l s  must be a ssayed  a t  the  s t a r t  of  the  e x p e r i ­
ment. The t i t e r s  o f  phage and b a c t e r i a  a re  used to  de termine  
the  r a t i o  of  phage to  b a c t e r i a  a t  time tg .  Samples must be
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t aken  b e fo re  the  end of  the  l a t e n t  p e r io d  and through the  
r i s e  p e r io d  fo r  s u f f i c i e n t  time to  be c e r t a i n  t h a t  no more 
b u r s t s  w i l l  t ake  p l a c e .
A dsorp t ion  experiments  i n d i c a t e d  t h a t  even a t  h igh  
phage to  c e l l  r a t i o s  the  a d s o r p t io n  o f  these  phage i s  no t  
as r a p i d  or  complete as i t  i s  i n  case  of  the T phages.  Be­
cause the  number of  i n f e c t i o u s  c e n t e r s  i s  sm all  the  procedure  
was m odif ied  to  o b t a i n  more s a t i s f a c t o r y  counts  on p l a t e s  
made du r in g  the l a t e n t  p e r io d .  The 1/10 d i l u t i o n  made of 
the  serum tube was o m it ted  and 1 ml volumes r a t h e r  than  
0.1 ml were p l a t e d .  However t h i s  made p o s s ib l e  the  i n a c t i ­
v a t i o n  of  phage l i b e r a t e d  by b u r s t s  tak in g  p lace  i n  the  
f i r s t  growth tu b e .  An a t t e m p t  was made to d es ig n  a c o n t r o l  
exper iment  which would prov ide  a c o r r e c t i o n  f o r  t h i s  " e r r o r . " 
The c o n t r o l  was a serum i n a c t i v a t i o n  d e te r m in a t io n  made w ith  
the  same c o n c e n t r a t i o n  of  phage used  i n  the one s t e p  growth 
exper im en t .  The procedure  fo l low ed  the  one s t e p  growth 
s tudy  d i l u t i o n  p r o to c o l  and samples were taken  from the 
e q u iv a l e n t  o f  the  f i r s t  growth tube  a t  the  same t imes as were 
used i n  the  one s t e p  growth s tu d y .  In  the a d s o r p t io n  tube 
c e l l s  were r e p l a c e d  by b r o th .
The a p p a r e n t l y  small  b u r s t  s i z e s  and the f a i l u r e  of  
c u l t u r e s  of  phage to  c l e a r  seemed i n c o n s i s t e n t  w i th  the  h igh  
t i t e r s  of  phage o b ta in e d .  I t  seemed p o s s ib l e  t h a t  the  phage 
r e l e a s e d  du r in g  the  f i r s t  b u r s t s  might i n  some way be more 
e f f i c i e n t  i n  i n f e c t i n g  h o s t  c e l l s  th an  the  phage which had
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been s t o r e d .  This could be due to the presence  o f  some 
enzyme or enzymes i n  the  l y s a t e  which were capable  o f  a t ­
ta c k in g  b a c t e r i a l  components. This might make the  c e l l  more 
s u s c e p t i b l e  to a t t a c k  by phage. Two experiments  were de­
s igned  to  t e s t  t h i s  h y p o th e s i s .
In  the  f i r s t  experiment  a one s t e p  growth s tudy  was 
made. At the  end of  the  experiment  a sample of  the  f i r s t  
growth tube was added to  a f r e s h  volume of  log  phase c e l l s .  
An a d s o r p t io n  experiment  was made u s in g  t h i s  m ix tu re .
The second exper im en ta l  d e s ig n  a lso  invo lved  an 
i n i t i a l  one s t e p  growth s tu d y .  In  t h i s  des ign  a t  the  end of 
the  r i s e  p e r io d  the  c o n te n ts  of  the  f i r s t  growth tube  were 
c e n t r i f u g e d  and the su p e r n a ta n t  f l u i d  passed th rough a 
M il l ipore  f i l t e r .  The f i l t r a t e  was th en  passed  through a 
t e n  I #  M i l l ip o r e  f i l t e r .  This f i l t r a t e  should  be f r e e  of 
bo th  c e l l u l a r  d e b r i s  and phage. A sample of u n in f e c te d  
b ro th  and t h i s  f i l t r a t e  were f r o z e n  and s t o r e d .  An ad so rp ­
t i o n  experiment  was made as f o l lo w s .  A log  phase b a c t e r i a l  
c u l t u r e  was p repa red  as u s u a l .  Two one ml samples o f  the 
c u l t u r e  were c e n t r i f u g e d  and d e ca n te d .  The b ro th  and 
f i l t r a t e  p r e p a r a t i o n s  were thawed. One ml of  each was added 
to  the  pads of c e n t r i f u g e d  c e l l s .  0.1 ml was removed and 
the  c e l l s  a s say ed .  The remaining  m a t e r i a l  was then  used i n  
the  u s u a l  a d s o r p t io n  experiment .  The r e s u l t s  of the  two 
experiments  were compared to  de te rm ine  whether or no t  the 
f i l t r a t e  p e rm i t t e d  a more e f f i c i e n t  a d s o r p t io n .  Phage 3H
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was used f o r  t h i s  experiment ,  and f o r  the  one s t e p  growth 
s tudy  m o d i f i c a t io n s .
Observat ions  of  Phage Adsorp t ion  
E le c t ro n  Microscopy
The a d s o r p t io n  of  phage 3H to  H c e l l s  was f u r t h e r  
i n v e s t i g a t e d  by means of  e l e c t r o n  microscopy. Three ex­
p e r im en ta l  des ig n s  were fo l lo w e d .
In  the f i r s t  the u sua l  a d s o r p t io n  experiment was 
performed. The g r id s  were p repared  a t  the  end of  the serum 
i n a c t i v a t i o n  p e r io d .  Because the  number of  b a c t e r i a  i n  the  
a d s o r p t io n  tube i s  small  and t h e r e  i s  a 1/10 d i l u t i o n  of  the  
a d s o r p t io n  m ix ture  i n to  the  serum, too few b a c t e r i a  were 
found on the  g r i d s .
The second d e s ig n  was used to  obtain  a h ig h e r  con­
c e n t r a t i o n  of  b a c t e r i a  in  the  a d s o r p t io n  tube .  T>/o ml 
volumes of the  lo g  phase s t r a i n  H were c e n t r i f u g e d  and de­
c a n te d .  Phage were added to  one pad and b ro th  to  the  o th e r  
and the pads resuspended  by means o f  a Vortex mixer.
Samples of  the  b a c t e r i a  plus phage m ixture  were d i l u t e d  i n to  
s p e c i f i c  a n t i s e ru m  a t  v a r io u s  times and a f t e r  i n a c t i v a t i o n  
g r i d s  were p rep a red  from the  c o n te n t s  of  the  serum tu be .  An 
a s sa y  of  the  broth p lus  b a c t e r i a  tube  was made so t h a t  the 
phage to b a c t e r i a  r a t i o  could be de te rm ined .  I t  w i l l  be r e ­
c a l l e d  t h a t  the  s e r a  were p repa red  from crude l y s a t e s .  Two 
o b se rv a t io n s  were made from t h i s  m a t e r i a l .  From the  e l e c t r o n  
micrographs the  an t i se ru m  i s  seen  to  c o n ta in  subs tances
17
which a l t e r  the  appearance  o f  the  s l im e  and o th e r  m a t e r i a l  
which i s  ex truded  by the  b a c t e r i a .  Secondly the  time r e ­
quired for the  i n a c t i v a t i o n  s t e p  p e rm i t t e d  the  even ts  l e a d in g  
to  phage p ro d u c t io n  to  c o n t in u e .
In  the t h i r d  exper im en ta l  d e s ig n  the  serum i n a c t i v a ­
t i o n  s t e p  was o m i t te d .  Samples were taken  as r a p i d l y  as 
p o s s i b l e .  The f i r s t  sample was taken  as soon as the  mixing 
was completed.
The s t a i n i n g  p rocedures  used i n  these  experiments  
were those  p r e v io u s ly  d e s c r ib e d .  T here fore  i n  each case  
t h e r e  was a one minute period a f t e r  the  sample was taken  
b e fo r e  the s t a i n  was added to  the g r i d .  I t  has been assumed 
t h a t  the  s t a i n i n g  procedure  would s to p  f u r t h e r  a d s o r p t io n  
and the  events  which fo l lo w  i t .
I n a c t i v a t i o n  o f  Phage by Chemical 
and P h ys ica l  Agents
The a b i l i t y  of  phage to  su rv iv e  exposure  to  v a r io u s  
p h y s i c a l  and chemical  agen ts  was i n v e s t i g a t e d .  During the  
i s o l a t i o n ,  c u l t i v a t i o n  and p u r i f i c a t i o n  o f  phage, d i l u t i o n  
f o r  a s sa y  and p r e p a r a t i o n  f o r  chemical  a n a l y s i s  a v a r i e t y  of  
chemical  ag en ts  a r e  used (Brownell e t  a l . 1967). The s u r ­
v i v a l  of  the phage i n  the  p resence  of  some of  th e se  ag en ts  
was i n v e s t i g a t e d .  The agen ts  used a re  l i s t e d  i n  the  l e f t  
hand column of  Table 1^. Unless  o th e rw ise  i n d i c a t e d  the 
i n c u b a t i o n  tem p era tu re  was 31 C f o r  two h o u rs .  The phage 
were d i l u t e d  p r i o r  to  the  t e s t  so t h a t  t h e r e  were
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a pprox im ate ly  10 pfi i/ml.  The a g e n t s ,  excep t  where o th e rw ise  
I n d i c a t e d ,  were made up i n  d i s t i l l e d  w ater  and th e  phage were 
d i l u t e d  i n  d i s t i l l e d  w a te r .  The c o n t r o l  was a water  s u s ­
pens ion  of  the  phage a t  the same i n i t i a l  c o n c e n t r a t i o n  as the  
e x p er im en ta l  tu b e s .  The excep t ions  i n d i c a t e d  were the 5*+ 0 
and 56 C tem pera tu re  i n a c t i v a t i o n  t e s t s  which were in cu ba ted  
f o r  15 min. I n a c t i v a t i o n  a t  31 C was compared to  a b ro th  
c o n t r o l .  8 M u rea  was prepared  i n  two b u f f e r s .
Phage were f ro z e n  a t  -1+0 C and were f r e e z e  dried a t  
t h i s  t em p era tu re .  These p r e p a r a t i o n s  were s to r e d  in  a r e ­
f r i g e r a t o r  f r e e z e r .  One week a f t e r  they  were t r e a t e d  they  
were thawed and sampled fo r  a s sa y .  They were r e f r o z e n  and 
s t o r e d .  Over a p e r io d  o f  e ig h t  months the  f ro ze n  s to c k s  
were thawed and t e s t e d  fo r  the  presence  of  v i a b l e  phage.
The a b i l i t y  o f  b a c t e r i a  grown i n  Vogel’s medium to 
produce phage and the  a b i l i t y  of  th e se  phage to su rv iv e  on 
s to r a g e  was i n v e s t i g a t e d .  A growth curve fo r  PI and f o r  H 
c e l l s  i n  V og e l 's  medium was prepared. Three carbon sources  
were used .  Log phase c u l t u r e s  were p repa red  us ing  th e se  d a ta  
as a gu ide .  These c u l t u r e s  were i n o c u l a t e d  w i th  the th r e e  
phage.  I n c u b a t io n  was a t  37 0 shaken.  In c u b a t io n  was con­
t in u e d  u n t i l  the  tubes  c le a re d  or u n t i l  u n in f e c te d  c u l t u r e s  
would have reached  the growth p l a t e a u .  The l y s a t e s  were 
then  c e n t r i f u g e d  to  remove c e l l u l a r  d e b r i s .  The s u p e r ­
n a t a n t s  were r e f r i g e r a t e d .  The phage were assayed  u s ing
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log  phase  b r o th  c u l t u r e s  of  s t r a i n s  PI or H. They were 
r e a s s a y e d  a f t e r  seven months of  s t o r a g e .
Because the phage had su rv ived  t r e a tm e n t  w i th  8 M 
u rea  a k i l l i n g  curve was made us ing  time increments  of  3 0 ,
60, 90 and 120 min exposure .  In  the d u p l i c a t e  experiment  
a sample was a l s o  t ak en  a t  150 min.
Nucleic  Acids 
The n u c l e i c  a c id  type of  the phage was de termined 
u s in g  Burtons m o d i f i c a t io n  of  the  diphenylamine t e s t  (1955 
and 1956) to  d e t e c t  deoxy r ib on u c le ic  a c id  and the  o r c in o l  
t e s t  was used to  d e t e c t  r i b o n u c l e i c  a c id  (C lark  196*+).
Phage were p repa red  f o r  these  t e s t s  by c e n t r i f u g i n g  l y s a t e s  
to  remove b a c t e r i a l  d e b r i s ,  washing the phage w i th  s a l i n e  
s o l u t i o n  to  remove s o lu b l e  b a c t e r i a l  p roduc ts  and re suspend-  
ing  the  pad of  phage i n  s a l i n e  s o l u t i o n .  Washing was a c ­
complished by c e n t r i f u g a t i o n  i n  the  Beckman model 12 
u l t r a c e n t r i f u g e  us ing  the  40.3 r o t o r ,  f o r  th re e  hours  a t
44,718 X g. The whole v i ro n s  were used i n  th e se  t e s t s .  In  
Burtons m o d i f i c a t io n  o f  the  diphenylamine t e s t  the  tubes a re  
i n c u b a te d  a t  31 C f o r  about  17 h o u r s .  A l l  th r e e  of  the  phage 
proved to  be DÏÏA phage.
Once the phage were i d e n t i f i e d  as DNA c o n ta in in g  
phage exper iments  were des igned  to  e x t r a c t  the  n u c l e i  a c id  
i n  q u a n t i t i e s  s u f f i c i e n t  f o r  the  d e te r m in a t io n  o f  the  base 
compos i t ion  by the therm al  d é n a t u r a t i o n  t echn ique  (Marmur 
and Doty 1962).
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Phage were c o l l e c t e d  f o r  e x t r a c t i o n  by ammonium 
s u l f a t e  p r e c i p i t a t i o n .  Five l i t e r s  o f  phage l y s a t e  were 
c e n t r i f u g e d  to remove c e l l u l a r  d e b r i s .  Then one l i t e r  
volumes were p laced  i n  a l a r g e  beaker on the pyro-magnest i r e r .  
700 grams of  (NH^)280^ were added in  small  inc rem en ts .  Mix­
ing was continued  u n t i l  no in c re a s e  i n  the  volume of  p r e ­
c i p i t a t e  was observed .  The m a te r i a l  was c o l l e c t e d  by 
c e n t r i f u g a t i o n  f o r  30 min a t  5,860 X g i n  the  Sorval  su p e r ­
speed RC-2 automatic r e f r i g e r a t e d  c e n t r i f u g e  or in  the 
Serva l  r e f r i g e r a t e d  c e n t r i f u g e  us ing  the  GSA head.  The 
p r e c i p i t a t e  had two forms, a foamy cru st  which was concen­
t r a t e d  bu t  no t  sedimented by c e n t r i f u g a t i o n ,  and a more 
r e a d i l y  sedimented f r a c t i o n .  Both of th e s e  f r a c t i o n s  con­
t a i n e d  h igh  t i t e r s  of  phage. They were combined, r e ­
suspended i n  d i s t i l l e d  w ater  and d ia ly z e d  a g a i n s t  d i s t i l l e d  
water  i n  the  co ld .  The d i a l y s i s  was con t inued  f o r  2k  hours 
w i th  a t  l e a s t  t h r e e  changes of  the  d i s t i l l e d  w a te r .  The 
phage was then  c o n c e n t r a te d  by submerging the d ia ly s i s  sac 
i n  p o ly e th y len e  g ly co l  (mw 1 ,300-1 ,600)  u n t i l  the  volume was 
reduced to  from o n e - h a l f  to  o n e - t h i r d  the  o r i g i n a l  volume. 
Five  ml portions were then  c e n t r i f u g e d  f o r  th re e  hours  in  
the  ^ 0 .3  r o t o r  of the  Beckman L2 u l t r a c e n t r i f u g e  a t
44,718 X g . The su p e r n a t a n t  was d i s c a rd e d  and the  phage 
resuspended  i n  0.1 M phosphate  b u f f e r  a t  pH 7 . The s u s ­
pens ion  was t r e a t e d  w i th  0 .2 ^  RNAase and 0 .2 ^  DNAase a t  
37 C f o r  30 min. The tubes  were r e c e n t r i f u g e d ,  decan ted  and
21
resuspended  in  phosphate  b u f f e r .  They were then  t r e a t e d  with  
0 . 05^ pronase a t  37 C f o r  30 min. The p u r i f i e d  phage were 
then  p laced  in  the  f r e e z e r .
E x t r a c t i o n  of  phage n u c le ic  a c i d . — Two methods were 
used to  e x t r a c t  the  phage n u c l e i c  a c i d ,  the  micromethod 
d e s c r ib e d  i n  Cantoni and Davies ( 1966) and the  method of  
F r e i f e l d e r  (1965).
The method o f  Cantoni and Davies i s  a micro phenol 
e x t r a c t i o n  procedure  us ing  only 0 .5  ml of phage. The phage 
was t r e a t e d  i n  a c e n t r i f u g e  tu b e .  A f te r  t r e a tm e n t  with 
80^ phenol the  tube was c e n t r i f u g e d  and the  phenol and de­
n a tu r e d  p r o t e i n  removed from the  bottom of  the  tube w i th  a 
P a s te u r  p ip e t t e .  The e x t r a c t i o n  was r e p e a t e d  tw ice ,  the  
phenol l a y e r  removed and the DNA c o l l e c t e d  by e th a n o l  
p r e c i p i t a t i o n .  The rem aining  phenol was removed by re p e a te d  
e th a n o l  p r e c i p i t a t i o n s .  The DNA was resuspended  i n  s a l i n e  
c i t r a t e  b u f f e r  a f t e r  each p r e c i p i t a t i o n .  Of the  th re e  phage 
only  VI DNA could be sp in d le d  from e th a n o l .  When the  
s p in d le d  DNA was s u b je c te d  to  i so p rop an o l  p r e c i p i t a t i o n  i t  
could  n o t  be r e s p i n d l e d .  (Marmur, 1961 method of  e x t r a c t i n g  
b a c t e r i a l  DNA). Because d i f f i c u l t y  was exper ien ced  in  
s e p a r a t i n g  the den a tu red  p r o t e i n  from the  DNA the  procedure 
was m od if ied .  The top  (DNA) l a y e r  was t r a n s f e r r e d  to  a n o th e r  
c e n t r i f u g e  tube a f t e r  the  f i r s t  e x t r a c t i o n  s t e p .  A second 
volume of  phenol was added to  the  f i r s t  tube  and a small  
amount o f  phosphate  b u f f e r  added. The aqueous l a y e r  from
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t h i s  e x t r a c t i o n  was added to  t h a t  from the  f i r s t .  The 
phenol e x t r a c t i o n  of t h i s  aqueous f r a c t i o n  was r e p e a t e d  two 
t im es .  The DM was p r e c i p i t a t e d  from cold e th a n o l  and r e ­
suspended i n  s a l i n e  c i t r a t e  b u f f e r  u n t i l  no odor of phenol 
could  be d e te c t e d .  A f te r  the l a s t  e th a n o l  p r e c i p i t a t i o n  the 
DNA was resuspended  i n  a c e t a t e  b u f f e r  (0 .015  M NaCl and 
0 .0015 M Wa Aceta te  p = 0 .0 l6 5 ) .  The p roducts  were su b je c te d  
to  the  diphenylamine t e s t  (Burton 1955 and 1956).  The DM 
was s t o r e d  i n  the  f r e e z e r .
The techn ique  of  F r e i f e l d e r  (1965) was a l s o  modif ied .  
One ml o f  5 M NaClOq p repa red  i n  d i s t i l l e d  w a te r  was p laced  
i n  the  bottom of a c e n t r i f u g e  tu be ,  0 .5  ml o f  30^ suc rose  
i n  phosphate  b u f f e r  was g e n t ly  l a y e r e d  on top  and the  tube 
was f i l l e d  to  the  top  w i th  the  p u r i f i e d  phage su spens io n .
The tubes  were c e n t r i f u g e d  i n  the  SW39 rotor of  the  Beckman 
L2 u l t r a c e n t r i f u g e  fo r  t h r e e  hours a t  5-7,286 X g. The f l u i d  
from th e  bottom o f  the tube  was c o l l e c t e d  i n  a volume ap­
prox im at ing  the  volume o f  phage added,  and the  pad was 
s e p a r a t e l y  c o l l e c t e d  i n  s a l i n e  c i t r a t e  b u f f e r  a f t e r  the  upper 
l a y e r  o f  f l u i d  had been removed. A l l  t h r e e  f r a c t i o n s  were 
c h i l l e d  and the  n u c l e i c  a c id  e x t r a c t e d  with  co ld  e th a n o l .
No m a t e r i a l  p r e c i p i t a t e d  from the  top  l a y e r .  Both the  pad 
and f l u i d  taken  from the  bottom of the  tube y i e l d e d  DNA.
There was a l a r g e  amount o f  grey  m a t e r i a l ,  presumably de­
n a tu r e d  p r o t e i n ,  i n  su sp en s ion  of  the  pad. This was removed 
by r e p e a t e d  a l c o h o l  p r e c i p i t a t i o n s .  Of the  t h r e e  phage
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t r e a t e d  on ly  the  DNA of  3H could  be sp in d le d .  I t  could  only 
be s p in d l e d  du r ing  the  f i r s t  p r e c i p i t a t i o n .  The p o s s i b i l i t y  
t h a t  the  b u ffer  might be breaking the  s t r a n d  i n t o  fragments  
was c o n s id e r e d .  Small samples o f  the  3H DM were resuspended 
i n  phosphate  bu ffer  or a c e t a t e  b u f f e r  and the  DNA p r e c i p i ­
t a t e d  w i th  cold  e th a n o l .  None o f  the p roduc ts  could  be 
s p in d l e d .  The DNA o f  each method was subjected  to  the  d i ­
phenylamine t e s t .  Those showing the  s t r o n g e s t  r e a c t i o n  were 
s e l e c t e d  f o r  m el t ing  p o i n t  d e t e r m in a t io n s .  A l l  o f  the  DNA 
p r e p a r a t i o n s  were p r e c i p i t a t e d  by e th an o l  and resuspended  i n  
a c e t a t e  b u f f e r  f o r  the  m e l t ing  p ç i n t  d e te r m in a t io n .
E x t r a c t i o n  of  b a c t e r i a l  deox y r ib o n u c le ic  a c i d . — In 
o rder  to  have a b a s is  fo r  comparison of  the  v i r a l  m el t ing  
p o in t s  w i th  those  of  known so u rces  two samples of  b a c t e r i a l  
DNA were p re p a re d .  E. c o l i  was k in d ly  prov ided  by 
P ro f .  John L a n c a s te r ,  Ps aeruginosa was the  s t r a i n  P1 ob­
t a i n e d  from the  depar tment  of  Botany and Microbio logy 
c u l t u r e  c o l l e c t i o n  a t  the  U n i v e r s i t y  of  Oklahoma, Norman, 
Oklahoma. The e x t r a c t i o n  procedure  was t h a t  of  Marmur 
( 1961) as  m odif ied  by Mandel ( I 966) .
B a c t e r i a  were grown to  log  phase i n  f i v e  l i t e r s  of 
n u t r i e n t  b r o t h  on the  New Brunswick Gyrotory i n c u b a to r  shaker 
a t  37 C. The b a c t e r i a  were c o n c e n t r a te d  by c e n t r i f u g a t i o n  i n  
e i t h e r  th e  Se rva l  r e f r i g e r a t e d  c e n t r i f u g e  or i n  the  
Sorva l  superspeed  RC2 au tom at ic  r e f r i g e r a t e d  c e n t r i f u g e  a t  
5,860 X g f o r  30 min. E. c o l i  was washed by c e n t r i f u g a t i o n
2^
with  0 .1 5  M NaCl p lus  0.1 M EDTA. £s ae ru g in o sa  i s  ly se d  by 
EDTA (Eagon 1965? Tabor I 96 I ) .  T here fo re  th e s e  c e l l s  were 
washed i n  0 .1 5  M NaCl. The DM was e x t r a c t e d  from the  c e l l s  
w i th  sodium l a u r y l  s u l f a t e  fo l lowed by phenol  (Mandels 
m o d i f i c a t io n ) - c h lo ro fo rm - is o a m y l  a l c o h o l  t r e a tm e n t  to  de­
n a tu r e  the p r o t e i n .  The DNA was th en  c o l l e c t e d  by s p in d l in g  
from co ld  e th y l  a l c o h o l .  The sp in d le d  DNA was d i s s o l v e d  in  
s a l i n e  c i t r a t e  b u f f e r  (0 .1 5  M NaCl p lus  0 .015  M t r i s o d iu m  
c i t r a t e ) .  The DNA was t r e a t e d  w i th  0 .2 ^  RNAase, which had 
been h e a t e d  to  i n a c t i v a t e  any con tam ina t ing  DNAase, fo r  
30 min a t  37 C. The DNA was th en  r e p r e c i p i t a t e d  from i s o ­
p ropyl  a l c o h o l  to  remove p o ly sa c c h a r id e s  and any remaining 
RNA. The DNA from a second i so p ro p a n o l  p r e c i p i t a t i o n  was 
washed i n  a few changes of  70-90^ e th a n o l  to  remove the  s a l t s  
and th e n  resuspended  i n  a c e t a t e  b u f f e r .  These p r e p a r a t i o n s  
were stored  i n  the  f r e e z e r .
The d e te r m in a t io n  o f  therm al  d é n a t u r a t i o n  p o i n t s . — 
The s t a n d a r d  curve of  thermal  d é n a t u r a t i o n  p o in t s  (Tm) 
a g a i n s t  the  p e rc e n t  guanine p lus  c y to s in e  (GO) was p repa red  
us ing  the  two b a c t e r i a l  sources  and c a l f  thymus DNA o b ta ined  
from Calbiochem, Los Angeles .  The GO v a lu e s  of  t h e s e  deoxy­
r i b o n u c l e i c  a c id s  were o b ta ined  from the  l i t e r a t u r e  (Marmur 
and Doty 1962, Mandel 1966).
The DNA samples were t e s t e d  t h r e e  a t  a time us ing  
the  G i l f o r d  model 2000 m u l t i p le  sample absorbance recorder. 
The DNA samples were d i l u t e d  i n  a c e t a t e  b u f f e r  (0 .0 1 5  M
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NaCl+0.00l5 M Na a c e t a t e  %=0.0165) so t h a t  uhe a b so rb a n c ie s
were s u f f i c i e n t l y  d i f f e r e n t  t h a t  they  would be wel l  spaced 
on the recorder. A r eserv o ir  o f  p a ra ff in  o i l  was heated by
means of  an e l e c t r i c  hot p l a t e  and c i r c u l a t e d  by means of  a 
c e n t r i f u g a l  pump (Easy I n d u s t r i e s ) .  The in s t ru m e n t  was 
c a l i b r a t e d  u s in g  the a c e t a t e  buffer  as the blank. The ab- 
sorbancy o f  the  unheated c u v e t t e s  was recorded and then  the 
tem pera tu re  of  the o i l  b a th  r a i s e d  rap id ly  to 50-60 C. A f te r  
t h i s  the  t em pera tu re  was r a i s e d  s lowly u n t i l  d é n a t u r a t i o n  
was complete or u n t i l  i t  reached  100 C on the G i l f o r d  chart.
The d a ta  were conver ted  to  r e l a t i v e  a b so rb an c ie s  
and p l o t t e d  a g a i n s t  tem p era tu re .  The Tm was then  de ­
te rm ined .  The Tm of  the  known DNA samples were then  p l o t t e d  
a g a i n s t  t h e i r  GO %. The Tm of  the v i r a l  DMAs was th e n  used 
to  de te rm ine  t h e i r  GC %. P r o t e i n  c o n te n t  was e s t im a te d  by 
comparing a b so rb a n c ie s  a t  280 mji and 260 npi.
CHAPTER I I I  
RESULTS
C h a r a c t e r i z a t i o n  of  B a c t e r i a l  S t r a in s  
The r e s u l t s  of  the  s t u d i e s  made to  i d e n t i f y  the  
newly i s o l a t e d  s t r a i n s  of Pseudomonas a e ru g ino sa  and to  c h a r ­
a c t e r i z e  them a re  p re s e n te d  i n  Table 1 . S t r a i n  H was n o t  
in c lu d ed  i n  many of  the  t e s t s  because  i t  had been i d e n t i f i e d  
a t  the  t ime i t  was r e c e iv e d .  The r e s u l t s  a re  those  which 
a re  to  be expected  on the b a s i s  o f  d a ta  p re s e n te d  by S t a n i e r  
( 1966) and from d e s c r i p t i o n s  i n  B e rg ey 's  Mannual (1956) .
The r e s u l t s  of  the  a n t i b i o t i c  r e s i s t a n c e  exper iments  
a re  reco rd ed  i n  Table 2. Ps. f l u o r e s c e n s  and Ps put  Ida  a re  
in c lu d ed  f o r  comparison.  S t r a i n s  of  Ps ae ru g in o sa  show a 
marked r e s i s t a n c e  to  a n t i b i o t i c s .  These s t r a i n s  show a wide 
range of  r e s i s t a n c e  and va ry  i n  the  degree  of  r e s i s t a n c e  to 
the  drugs (Doi e t  a l . 1968). The r e s u l t s  r e p o r t e d  h e re  a l s o  
i n d i c a t e  t h a t  the  age of the  inoculum may i n f lu e n c e  the  
degree of r e s i s t a n c e  to  the  d rugs .  Doi e t  a l . (1968) have 
i s o l a t e d  enzymes from c u l t u r e s  of  Ps ae ru g in o sa  which a re  
capable  o f  i n a c t i v a t i n g  some of  the  a n t i b i o t i c s .  ' One o f  
th e se  enzymes seems to  be a c t i v e  a g a i n s t  both  kanamycin and
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neomycin. These a n t i b i o t i c s  have some s t r u c t u r a l  s i m i l a r i t i e s  
(Wilson e t  a l . I966) .  In  these  t e s t s  th e re  i s  no c o r r e l a t i o n  
i n  r e s i s t a n c e  to  the  two a n t i b i o t i c s .  S t r a i n  X seems to  be 
more s e n s i t i v e  to the  a n t i b i o t i c s  than  the  o ther  s t r a i n s .  
S t r a i n s  4 and 5 a re  l e s s  r e s i s t a n t  than  P1 and s t r a i n  H.
The a u t o l y t i c  phenomenon was a p p a r e n t ly  enhanced in  
the  r e g io n  of te r ra m y c in  and ch lo ram phen ico l .  The produc­
t i o n  of pyocyanin was a p p a r e n t ly  i n h i b i t e d  or the  pigment 
was bleached  in  the  presence  of Chloromycetin and t e r ra m y c in .  
Fedorko (1967) observed in c r e a s e d  a u t o l y s i s  i n  the  p resence  
of  ch lo ram phen ico l ,  t e t r a c y c l i n e  and s u l f i o x a z o l e .
Growth Stud ies  
The growth of  s ta t io n a r y  c u l t u r e s  of s t r a i n s  P I , H 
and 5 a t  31 C and in  aerated cu ltures  a t  37 G i s  rec o rd ed  in  
Graphs 1, 2 and 3- The shape of the curve a t  each o f  the 
tem p era tu re s  i s  s i m i l a r  for each of the  th ree  s t r a i n s .  How­
ever  growth r a t e s  seem to  d i f f e r .  The r e s u l t s  a re  somewhat 
confus ing  because the  production of  s l im e ,  sediment and 
p e l i c l e  m a t e r i a l s  as w e l l  as v i a b l e  c e l l s  c o n t r i b u t e  to  the 
changes i n  absorbance a t  4-20 mu. Slime i s  a l s o  produced in  
the a e r a t e d  c u l t u r e s .  When an attempt was made to compare 
the i n c r e a s e  i n  absorbancy a t  4-20 mp with  v i a b l e  counts  the  
r e s u l t s  were i n c o n s i s t e n t .
Growth as i n d i c a t e d  by i n c r e a s e  i n  v ia b le  count  of 
a e r a t e d  n u t r i e n t  broth c u l t u r e s  of  s t r a i n s  PI and H grown a t  
37 C i s  reco rded  i n  Table 3. The r e s u l t s  of two experiments
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a re  in c lu d e d .  They I n d i c a t e  the  v a r i a t i o n  i n  the  numbers o f  
b a c t e r i a  a t  time tg  even though the  absorbancy  was the  same. 
In  some experiments  made under presumably s i m i l a r  c o n d i t i o n s  
small  clumps of b a c t e r i a  formed du r ing  growth. These clumps 
were n o t  d i s r u p t e d  by shaking or by d i l u t i o n  i n to  warm 
n u t r i e n t  b r o t h .  The a d d i t i o n  of NaCl to the  c u l t u r e  medium 
may have c o r r e c t e d  t h i s  tendency .  Clumping has no t  o ccu r red  
i n  c u l t u r e s  of  the  more f r e q u e n t l y  used s t r a i n s  P1 and H f o r  
many months. I t  i s  observed i n  the  l e s s  f r e q u e n t l y  used 
s t r a i n  5«
The a b i l i t y  of  s t r a i n s  PI and H to  grow in  Vogel’s 
medium i s  i l l u s t r a t e d  i n  Table k. Again growth was reco rd ed  
as an i n c r e a s e  i n  absorbancy a t  b-20 mpi. I t  may be seen  t h a t  
the  growth i n  g lucose  and g l y c e r o l  i s  s i m i l a r  i n  both s t r a i n s  
b u t  t h a t  growth w i th  a c e t a t e  as the  carbon  source  i s  q u i t e  
slow. So slow i n  f a c t  t h a t  i t  i s  d i f f i c u l t  to  d e t e c t  the  
t r a n s i t i o n  t o  the  log phase of  the  growth cu rve .  The ap­
p a re n t  d i f f e r e n c e s  between the two s t r a i n s  may be r e a l  or 
r e f l e c t  the  d i f f e r e n c e s  i n  the  s t a r t i n g  t i t e r .
C h a r a c t e r i z a t i o n  of the  Phage
Plaque morphology of the  phage . —At each s t e p  in  the  
p u r i f i c a t i o n  procedure  the  p laques  i s o l a t e d  were d e s ig n a te d  
by a number or l e t t e r .  The combinations of numbers and 
l e t t e r s  used to  d e s ig n a t e  the  phage - s t r a in s  a r e  the l a s t  two 
or t h r e e  i n  the  lo n g e r  s e r i e s .  Phage VI grown in  s t r a i n  PI 
(VI.P1) has a sm a l l ,  u s u a l l y  c l e a r  p laq u e .  The margins may
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be surrounded by a g rey  c r u s t y  r i n g .  This i s  e s p e c i a l l y  
t r u e  when the  phage have been exposed to  homologous a n t i ­
serum or to  some of  the  chemicals  used i n  the  phage i n a c t i ­
v a t i o n  exper im en ts .  The occurrence  of  t h i s  phenomenon i s  
n o t  ve ry  c o n s i s t e n t .
Phage 2H and 3H have s i m i l a r  p laques  when grown i n  
s t r a i n  H. The s i z e  o f  the  plaque v a r i e s  but  i s  u s u a l l y  
sm al l  w i th  a h a lo  of  v a r i a b l e  w id th .  B a c t e r i a l  s t r a i n  H 
produces a l a r g e  amount of s l im e .  The v a r i a t i o n s  i n  the 
plaque s i z e  may r e f l e c t  the  p ro d u c t io n  o f  t h i s  opaque ma­
t e r i a l  i n  amounts g r e a t  enough to  cover some of  the  plaques  
e n t i r e l y  and p a r t l y  cover o t h e r s .  The time a t  which plaques 
appear  a l s o  v a r i e s  c o n s id e ra b ly  even on d i f f e r e n t  a r e a s  of 
the  same p l a t e .  Some plaques  a re  co u n tab le  a f t e r  f i v e  or  
s i x  hours  of  i n c u b a t i o n  a t  31 C. Others w i l l  appear  on 
f u r t h e r  in c u b a t io n  when some counted a t  s i x  hours  w i l l  no 
lo n g e r  be d e t e c t a b l e .
Morphology o f  the  v i r o n s . —Phage VI has a hexagonal  
h ead ,  a narrow neck r e g io n  and a long t a i l .  The t a i l  i s  
shaped somewhat l i k e  a b a s e b a l l  b a t .  Phage 2H has a very  
s h o r t  t a i l .  I t  has  been d i f f i c u l t  to  o b t a i n  good photo­
graphs  of  t h i s  v i r o n  even w i th  h i g h - t i t e r  l y s a t e s .  The 
phage seem to  be damaged during the  p r e p a r a t i o n  of  the  g r i d s .  
This  phage a l s o  has a hexagonal head (F ig .  1— 1).
Phage 3H i s  v e ry  s i m i l a r  to  2H b u t  i s  l e s s  e a s i l y  
damaged dur ing  the  p r e p a r a t i o n  o f  the  e l e c t r o n  microscopic
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g r i d s .  O ccas iona l ly  the  micrographs r e v e a l  some v i r o n s  which 
seem to  have lon g er  t a i l s  than  the m a jo r i t y .  The s i g n i f i ­
cance of  th e se  i n d i v i d u a l s  has no t  y e t  been i n v e s t i g a t e d  
(F ig .  1—3 and 4 ) .
Phage g l - c l e a r  has a hexagonal head and a t a i l  with  
a s h e a th .  The neck r e g io n  i s  q u i te  narrow. Some s t r u c t u r a l  
c h a r a c t e r i s t i c s  a r e  obse rv ab le  on the  s h e a th .  I t  w i l l  be of 
i n t e r e s t  to  examine shadowed p r e p a r a t i o n s  o f  t h i s  v i r o n .  A 
band i s  seen  near  the  bottom of the  sh e a th  and b a s e p l a t e  and 
f i b e r s  may be seen i n  some p r e p a r a t i o n s .  There a re  s t r i ­
a t i o n s  a long the  l e n g t h  of the extended s h e a th .  Examination 
of the  heads sugges ts  t h a t  these  v i ro n s  may a c t u a l l y  be 
g ho s t s  ( F ig .  2—3 ) .
Phage 15x resem bles  phage 2H and 3H. In some cases  
th e s e  phage appear to  a t t a c h  to  a f l a g e l lu m  (F ig .  1— 2 and 
2a).
Phage l5zc has  a hexagonal head. The t a i l  l a c k s  a 
sh e a th .  The t a i l s  seem to  th ic k e n  d i s t a l l y  to  the  head but  
no t  to  the  e x t e n t  observed  in  VI (F ig .  2— 6) .
Phage 3b2 a l s o  has a hexagonal head and long sh e a th -  
l e s s  t a i l .  T a i l  f i b e r s  ex tend ing  a t  r i g h t  an g le s  to  the  t a i l  
may be seen  (F ig .  2— 5)•
The dimensions of  th e se  phage a re  rec o rd ed  in  
Table 5* Although phage 15x resembles phages 2H and 3H, i t  
i s  somewhat l a r g e r .  There a re  a l s o  d i f f e r e n c e s  i n  the s i z e  
o f  the  phage which have s h e a t h l e s s  t a i l s .  I t  i s  i n t e r e s t i n g
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t h a t  the  t a i l  of  phage g l - c l e a r  resembles  a s t r u c t u r e  found 
i n  a p r e p a r a t i o n  of  H c e l l s  i n f e c t e d  w i th  a s h o r t  t a i l e d  
phage. G l - c l e a r  does n o t  grow in  s t r a i n  H. There was no 
o p p o r tu n i ty  fo r  the  H c e l l  p r e p a r a t i o n  to  become contam­
i n a t e d  w i th  the g l - c l e a r  phage. I t  i s  sug ges ted  t h a t  the 
s t r u c t u r e  observed in  the  H c e l l  p r e p a r a t i o n  i s  a pyocin .
The t a i l  l i k e  s t r u c t u r e  observed i n  p r e p a r a t i o n s  of  P1 c e l l s  
i n f e c t e d  with  phage g l - c l e a r  i s  sm a l le r  than  t h a t  seen  in  H 
c e l l  p r e p a r a t i o n s .  E s t im a t ion s  of the  s i z e s  of  the t a i l  of 
g l - c l e a r  and the  h e a d le s s  t a i l  from a g l - c l e a r  p r e p a r a t i o n  
and the  p a r t i c l e  su spec ted  of  being a pyocin  are as fo l lo w s :  
g l - c l e a r :  t a i l  860 A x 90-190 A (F ig .  2—3)
PI and g l - c l e a r  h e a d le s s  t a i l :  380 A x 180 A (F ig .  2—2)
H 340 or 600 A X 170 A (F ig . 2— 1)
The s t r u c t u r e  seen i n  the  H c e l l  p r e p a r a t i o n s  v a r i e s  i n  
l e n g t h  but  no t  w id th .  This may r e p r e s e n t  normal v a r ia t io n s  
i n  the  s i z e  of  the s t r u c t u r e .  However i t  has been sugges ted  
t h a t  the  pyocins may be d e f e c t i v e  or incomplete  (Brad ley
1967) phage.  The t a i l  structure  observed i n  the  g l - c l e a r  
p r e p a r a t i o n  may be a phage su b u n i t  which was n o t  o rgan ized  
i n t o  a complete v i r o n .  Perhaps i t  was no t  complete a t  the  
time o f  phage m a tu ra t io n ,  s in c e  i t  i s  sm a l le r  than  th e  t a i l  
o f  a completed v i r o n .
Host Range S tud ies  
The r e s u l t s  of the  h o st  range exper iments  made by 
the  c ro s s  s t r e a k i n g  techn ique  a re  r eco rd ed  in  Table 6. The
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s to c k  c u l t u r e  s t r a i n  P1 was used to  i s o l a t e  a l l  of  the  phage, 
l i s t e d  i n  the l e f t  hand column of  the t a b l e ,  excep t  2H and 
3H. Comparison of  th e se  r e s u l t s  with  those  o b ta in e d  i n  eop 
exper iments  r e v e a l  some d i s c r e p a n c i e s .  One r e a s o n  a p o s i t i v e  
h o s t  range t e s t  may d i f f e r  from the  eop t e s t  of  the  same 
phage and h o s t  i s  the  a u t o l y t i c  phenomenon. Some of  the 
c ro s s  s t r e a k  t e s t s  had to  be re p e a te d  s e v e r a l  t imes because  
the  u n in n o c u la te d  b a c t e r i a  con ta ined  a u t o ly t ic  p la q u e s .
Phage s t r a i n  g l  w i l l  n o t  grow i n  b a c t e r i a l  s t r a i n  H y e t  
th e r e  were p laques  i n  the  b a c t e r i a l  s t r e a k .  The t e s t s  r e ­
corded as d o u b t fu l  r e p r e s e n t  those  i n  which c l e a r i n g  was 
incom plete  or  t h e r e  was evidence  of overgrowth.
Eop t e s t s  made by the loop d i l u t i o n  tech n iq u e  were 
used to  compare plaque morphology on the  d i f f e r e n t  s t r a i n s  
as  w e l l  as  t h e i r  a b i l i t y  to  pe rm it  the  development of  phage 
progeny. The r e s u l t s  o f  th e s e  exper iments  a re  r eco rd ed  in  
Tables  7 and 8. S t r a i n  g l  f a i l e d  to  l y s e  b a c t e r i a l  s t r a i n s  
4- and 5 i n  the  c ro s s  s t r e a k  t e s t s  y e t  d id  produce p laques  in  
the  loop  d i l u t i o n  e x per im en ts .  More i n c o n s i s t e n c i e s  a r e  to 
be seen  i n  t e s t s  made w i th  phage VI. Although t h e r e  was no 
evidence  of  growth i n  s t r a i n s  5 and X when the c ro ss  s t r e a k  
tec h n iqu e  was used ,  low t i t e r s  o f  phage were observed  i n  the  
eop t e s t s .
S t r a i n  g l  seems to  undergo a h o s t  m o d i f i c a t io n  in  
PI c u l t u r e s .  As each s to c k  of  g l  i s  regrown i n  P1 the t i t e r  
of  the  l y s a t e  d e c r e a s e s .  I f  the  low t i t e r  phage a re  grown
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i n  a n o th e r  s t r a i n  such as ^ or X and th e se  l y s a t e s  used 
to  i n i t i a t e  a P1 l y s a t e  ( g l . P l )  a h igh  t i t e r  gl .P1 s to c k  i s  
o b ta in e d .
C lear  p laques  o f  phage Q1 may be d e f e c t i v e  phage or 
may have been the  p roduct  of  the  a u t o l y t i c  phenomenon. They 
could  no t  be p ropaga ted .  C lea r  p laques  of  phage Q2 have a 
h o s t  range s i m i l a r  to the  p a re n t  s to c k  b u t  w i th  a somewhat 
d i f f e r e n t  plaque morphology i n  s t r a i n  *+. Phage gl produces 
bo th  c l e a r  and t u r b i d  p la q u e s .  The c l e a r  p laques  a re  l e s s  
s u b j e c t  to  the h o s t  m o d i f i c a t io n  than  the  t u r b i d  but  they  
y i e l d  a mixed plaque morphology even a f t e r  s e v e r a l  s e r i a l  
t r a n s f e r s  i n  s t r a i n  PI .
Attempts to  o b t a i n  s t a b l e  c l e a r  or t u r b i d  l i n e s  of 
th e s e  t h r e e  phage have f a i l e d .  I t  i s  p o s s ib l e  t h a t  the phage 
a r e  i n i t i a t i n g  the  r e l e a s e  o f  d e f e c t i v e  phage from the  h o s t  
s t r a i n s .  These might be ab le  to  form s t e r i l e  p laq ues .
Olsen ( 1968) r e p o r t s  a c o n s i s t e n t  v a r i a t i o n  i n  the  plaque 
morphology o f  Ps a e ru g in o sa  phage.
S e r o l o g ic a l  S tu d ies
The K values of the three spec i f ic  antiphage sera 
are recorded in  Table 9. Although these are quite  low they 
do f a l l  within the range described by Adams (1959) for the 
T phages 1 and 5.
The s e r o l o g i c a l  r e l a t i o n s h i p s  among the  phage a re  
i l l u s t r a t e d  in  Table 10. Anti  VI a n t i se ru m  was used to t e s t  
the  r e l a t i o n s h i p s  of phage i s o l a t e d  i n  the  b a c t e r i a l  s t r a i n
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P1. No s e r o l o g i c a l  r e l a t i o n s h i p  was observed between phage 
VI and phages Q, I5x, I5zc .  A weak r e l a t i o n s h i p  may e x i s t  
wi th  phage g l . Because crude phage l y s a t e s  were used as  the 
a n t i g e n  f o r  the  p r e p a r a t i o n  of  the  a n t i s e r a  t h e r e  a re  a n t i ­
bod ies  i n  the s e ra  a g a i n s t  some components of  the  h o s t .
These may have had an in f lu e n c e  on the  a d s o r p t io n  of  the  
phage to  the  h o s t  c e l l s ,  and might l e a d  to  f a l s e  assumptions 
of  r e l a t i o n s h i p s  among the  phage.
Experiments i n  which a n t i  VI a n t i se ru m  was used to 
i n a c t i v a t e  phage p repared  i n  H c e l l s  i n d i c a t e s  a p o s s ib l e  
r e l a t i o n s h i p  with  2H and 3H. There i s  some a d d i t i o n a l  
evidence when the a n t i  2H a n t i se ru m  i s  used to i n a c t i v a t e  
phage VI. However c o n f l i c t i n g  da ta  a re  o b ta in ed  when the 
a n t i  3H a n t i se ru m  i s  used.  I t  i s  p o s s ib l e  t h a t  t h e r e  a re  
some a n t i g e n s  i n  common to  a l l  t h r e e  phages b u t  t h a t  they  
were n o t  e f f e c t i v e  i n  s t i m u l a t i n g  a n t ib od y  p ro d u c t io n  i n  the 
case  of  phage 3H.
The in c r e a s e  i n  t i t e r  i n  the  case  of  a n t i  3H a n t i ­
serum used  w i th  phage VI i s  of i n t e r e s t .  Al l  t h r e e  of  thé" 
a n t i s e r a  con ta ined  the  p roduc ts  of  hem olys is .  To be c e r t a i n  
t h a t  t h e s e  p roducts  were n o t  r e s p o n s i b l e  f o r  the  weaker i n ­
a c t i v a t i o n s  of nonhomologous phage a nonhomologous an t i se rum  
which a l s o  conta ined  p roduc ts  of  hemolysis  was o b ta in e d .  I t  
was used  i n  serum i n a c t i v a t i o n  experiments  with  each o f  the 
t h r e e  phage. In  every case  a n t i  UCI a n t i se ru m  l e d  to  a 
s u r v i v a l  of more than  100^. This su g g e s t s  t h a t  t h e r e  i s  a
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component o f  these  sera which in crea ses  the adsorption  of
the  phage to  the  h o s t  c e l l .  No experiments  have been made 
with a nonhomologous a n t i se rum  which does n o t  c o n ta in  the  
p roducts  o f  hem olys is .  T here fo re  i t  i s  u n c e r t a i n  whether 
the  subs tance  i s  p r e s e n t  in  the  normal serum, hemolyzed 
serum or i n  s e r a  of r a b b i t s  exposed to  phage.
Adsorp tion  S tud ies
The r e s u l t s  of  experiments  made to  de te rm ine  the r a t e
of  a d s o r p t io n  o f  phage to b a c t e r i a  a re  reco rded  in  Tables 11
and 12. The d a ta  i n  Table 11 p r e s e n t s  the number o f  i n ­
f e c t i o u s  c e n t e r s  a t  v a r io u s  t imes a f t e r  i n f e c t i o n  expressed  
as the  p e rc e n t  of the  phage added to  b a c t e r i a  a t  time I q.
The o r g a n i z a t i o n  of the  da ta  i n  t h i s  way i s  of v a lu e  in  
p lann ing  one s t e p  growth exper im en ts .  In  such experiments  
i t  i s  n e c e s sa ry  to  know how many in fe c t io u s  c e n t e r s  w i l l  be 
p r e s e n t  a t  a p a r t i c u l a r  phase of  the experiment .
Some of  the a d s o r p t io n  r a t e  d a ta  were used to  de­
term ine  the  a d s o r p t io n  v e lo c i t y  c o n s t a n t s .  These c o n s ta n t s  
a r e  recorded i n  Table 12. Bie formula  f o r  de te rm in ing  
these  (K) c o n s ta n t s  i s :  K = 2 . 3 / ( B ) ( t )  log  Po/P
B i s  the  c o n c e n t r a t i o n  of b a cter ia  a t  time tQ, Po i s  the
c o n c e n t r a t i o n  of  phage of tg  and P i s  the  number of  i n ­
f e c t i o u s  c e n t e r s  a t  time t .  Comparison of  the  K va lu es  
c a l c u l a t e d  a t  v a r io u s  times may be of  va lue  i n  d ec id in g  the 
most advantageous time to  s to p  the  a d s o r p t io n  i n  a one s te p  
growth experiment .  Although a d s o r p t io n  may co n t inu e  up to
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the  time of  the  f i r s t  b u r s t s  the  r a t e  of a d s o r p t io n  may de­
c re a s e  so t h a t  l i t t l e  advantage i s  gained by pos tponing  
d i l u t i o n  i n t o  a n t i se ru m .  In the  a d s o r p t io n  of  phage VI to  
PI t h e r e  seems to  be two phases :  an e a r l y  r a p id  a d s o r p t io n
and th en  a l a t e r  one between 20 and 30 min.
I n c r e a s in g  the  r a t i o  of  phage to  b a c t e r i a  a t  time tn 
does n o t  g r e a t l y  i n c r e a s e  the number of phage which adsorb 
to  t h e i r  h o s t s .  However when the  phage i n f e c t i n g  s t r a i n  H 
a re  c o n s id e re d  i n c r e a s in g  t h i s  r a t i o  may a c t u a l l y  i n c r e a s e  
the numbers o f  i n f e c t i v e  c e n te r s  formed when phage 3H i s  
adso rb ing  to  H c e l l s ,  or to  5 c e l l s .  These phage adsorb  
more e f f i c i e n t l y  to  s t r a i n  5 even a t  very  low p h a g e : c e l l  
r a t i o s .  The end of  the  l a t e n t  p e r io d  in  t h i s  system i s  a t  
about  25 min. Thus both  the  d e c rea se  in  the  number o f  pfu  
in  the  case  o f  3H.5 at 0.02 and the  i n c r e a s e  a t  0 .03 m u l t i ­
p l i c i t y  may r e f l e c t  the  events  which fo l lo w  the  r e l e a s e  of 
phage progeny. In  the  one case  phage may be a d so rb in g  to 
new h o s t  c e l l s ,  and i n  the  o th e r  a b u r s t  may have added to  
the  f r e e  phage p o p u la t io n  which then  were i n a c t i v a t e d  by 
d i l u t i o n  i n t o  a n t i  phage a n t i se ru m .  These d a ta  w i l l  be r e ­
co n s id e re d  i n  connection with  the  one s te p  growth e x p e r i ­
ments .
E l e c t r o n  micrographs o f  phage 3H adsorb ing  to  s t r a i n  
H have a l s o  been examined. Some of  these  photographs a re  
p re s e n te d  i n  F ig s .  3, 4- and 5* In F ig .  3— 1 the c e l l s  which 
have n o t  been t r e a t e d  i n  any way o t h e r  th an  the p r e p a r a t i o n
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of the  g r id  a re  i l l u s t r a t e d .  In F ig .  3 — 1a the b a c t e r i a  and 
phage sampled as  soon a f t e r  mixing as  p o s s ib l e  a r e  r e p r e ­
sen ted .  Because the  sample i s  adsorbed to  the g r id  f o r  one 
minute be fo re  the  a d d i t i o n  of the  s t a i n  i t  could have been 
p o s s ib l e  f o r  the a d s o r p t io n  to  c o n t in u e .  The phage a t  t h i s  
time would be r e v e r s i b l y  adsorbed and a d d i t i o n  of the  s t a i n  
would d i s lo d g e  them. F ig .  3— 2 i n d i c a t e s  t h a t  by the time a 
sample could be taken 4-0 sec a f t e r  mixing,  phage were i n  the 
r e g io n  of  the  c e l l  w a l l  and the  t a i l s  were i n  the  d i r e c t i o n  
which would perm it  a t tachm en t  i f  i t  had no t  a l r e a d y  taken  
p la c e .  F ig .  3—3 shows t h a t  the  a t tach m en t  of the  phage to  
the  c e l l  w a l l  has indeed taken  p la c e .  I t  i s  probable t h a t  
t h i s  a t tachm en t  i s  r e v e r s i b l e .  F ig .  3—4- shows some of the 
phage t a i l s  a t t a c h e d  to  the b a c t e r i a l  c e l l  w a l l .  In  
F ig .  3— 5 and 5a the  c o n d i t i o n  of  b a c t e r i a  4- min a f t e r  mixing 
of a 3 0 . / I  r a t i o  of phage and b a c t e r i a  i s  i l l u s t r a t e d .  The 
damage to  the  c e l l  wal l  i s  so e x te n s iv e  t h a t  i n  some cases 
the c e l l  d eg en e ra te s  com ple te ly .  F ig .  4-— 1 dem ons tra te s  
t h a t  the  phage a t  t h i s  t im e,  4- min, have not  y e t  in je c te d  
t h e i r  DNA. This i s  g iven  some su p p o r t  from the absence of 
phage on the  b a c te r iu m  i l l u s t r a t e d  i n  F ig .  4-—2.
At 9 min a f t e r  mixing of  a 1/10 r a t i o  of phage and 
b a c t e r i a  t h e r e  i s  s t i l l  no evidence t h a t  the  phage have i n ­
j e c t e d  t h e i r  n u c le ic  a c i d .  I t  i s  p robab le  however t h a t  one 
of  the  phage no t  i l l u s t r a t e d  d id  i n j e c t .  The appearance  of 
the  c e l l  w a l l  i n  t h i s  p i c t u r e  i s  q u i t e  d i f f e r e n t  from those
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made of  h ig h e r  r a t i o  m ix tu re s .  The damage to  the  c e l l  w a l l  
a t  the  s i g h t  of  a t tachm en t  seems l e s s  e x te n s iv e .  The t a i l s  
of the  phage may be seen  p e n e t r a t i n g  the  wal l  through a 
com p ara t iv e ly  narrow a re a .  In  some cases  the c e l l  membrane 
seems withdrawn from the w a l l .  However t h i s  i s  no t  r e l a t e d  
to  the  presence  o f  phage i n  a l l  c a s e s .
I t  would be d i f f i c u l t  to  d i s t i n g u i s h  between the 
even ts  which cause the d e g e n e ra t io n  seen  i n  F ig s .  3— 5a and 
4— h by examining the  p h o to g rap h s . The sample used to  p r e ­
pare  the  g r i d  i l l u s t r a t e d  i n  F ig .  k —4 was from a 1/10 r a t i o  
mixture  in cu b a ted  f o r  30 min. The l a t e n t  p e r io d  f o r  3H.H i s  
25 min thus t h i s  sample probably  r e p r e s e n t s  the  b u r s t  and 
phage r e l e a s e .
F ig .  5— 1 was p repared  from a 1/10 p h a g e / b a c t e r i a  
mixture  which had been incuba ted  f o r  s i x  minutes b e fo re  i t  
was d i l u t e d  i n t o  serum. I t  i s  su gg es ted  t h a t  the  serum 
r e a c t e d  w i th  m a t e r i a l  ex truded  by the  bac te r iu m  and made i t  
more e l e c t r o n  dense ,  thus " s t a in i n g "  i t .  This  s t a i n i n g  by 
s p e c i f i c  serum helped  to  make the  s l ime l a y e r  and the d i s ­
s o l u t i o n  o f  i t  by phage more a c c e s s i b l e  to  exam ina t ion  
(F ig .  h—3 ) .  The presence  of  f r e e  phage in  F ig .  5— 2 i s  
p robably  due to  a r e l e a s e  of  adsorbed  phage on the  g r id  
during  t r e a tm e n t  with  s t a i n .  I t  i s  too long be fo re  the  s t a r t  
of  the  r i s e  to  sugges t  t h i s  i s  due to  a b u r s t .  The p i c t u r e  
i s  in te n d ed  to  i l l u s t r a t e  the  p resence  of b a c t e r i a  which
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have not  been a t t a c k e d  by phage, even though f r e e  phage are 
p r e s e n t  i n  the  r e g io n  of  the  c e l l s .
In  F ig .  5—3? the t a i l  l i k e  o b jects  which appear  to 
be a s s o c i a t e d  w i th  the  phage heads a r e  too long and too 
t h i c k  to  a r i s e  from the  s h o r t  t a i l  o f  phage 3H. There a re  
however some phage heads which a re  a t t a c h e d  by t a i l s  t o  the  
c e l l  w a l l .  These a r e  lo n g e r  and perhaps more s l e n d e r  than 
the  t a i l  o f  the  u n a t ta c h e d  phage. Because they a re  a t ­
tached  i t  i s  no t  p o s s ib l e  to  measure them a c c u r a t e l y .
F ig .  5—^ i n d i c a t e s  t h a t  a t  time t 2Q the d e g e n e ra t io n  of  
some b a c t e r i a  co n t in u es  to  t ake  p lace  due to the l y s i s  from 
w ithou t  phenomenon, even though the  r a t i o  i s  only  3 / 1 ,  and 
t h a t  a p p a r e n t ly  no t  a l l  the  b a c t e r i a  become i n f e c t e d .
One Step Growth Experiments 
Graphs k th rough 7 r e p r e s e n t  the  r e s u l t s  o f  the  one 
s t e p  growth exper im en ts .
The growth of  phage VI i n  s t r a i n  PI (V I .P I )  was 
found to have a l a t e n t  pe r io d  o f  39-^2 min, a r i s e  l a s t i n g  
21-26 min and a b u r s t  s i z e  of  13-23 when the  r a t i o  of  phage 
to  b a c t e r i a  was between 0 .0 5  and 0.21 (Graph k ) .
The growth o f  phage 2H i n  s t r a i n  H (2H.H) was found 
to  have a l a t e n t  p e r io d  of  2k-29 min, a r i s e  of  12-17 min 
and a b u r s t  s i z e  o f  18-66 when the phage to  b a c t e r i a  r a t i o  
was between 0 .04  and 0.01 (Graph 5)•
The growth of  phage 3H i n  H c e l l s  (3H.H) was found 
to  have a l a t e n t  p e r io d  o f  25 min, a r i s e  of about 12 min
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and a burs t  s ize  of 39 when the phage to bac ter ia  r a t i o  was 
0.0*+5. When th i s  same phage was grown in  s t r a i n  5 (3H.5) 
the l a t e n t  period was 25 min, the r i s e  period 13 min and the 
burs t  s ize was 48 when the r a t i o  of phage to bac te r ia  was 
0 .04 .  Thus the two experiments may be considered comparable 
(Graph 6, curve A and Graph 7)- Examination of curve B of 
Graph 6 i l l u s t r a t e s  the experiment made to increase the 
number of in fec t iv e  centers  present in  the f i r s t  growth 
tube during the l a t e n t  period. The increase was obtained. 
However the value of the experiment i s  l im ited  by the in ­
a b i l i t y  to develop a correc t ion  fac to r  which could be applied 
to the data obtained during the r i s e  period. Thus the burs t  
s ize can not be more accura te ly  determined by th i s  method 
than by the conventional t e s t .
The r e s u l t s  of the experiments made using the phage 
re leased  in  the f i r s t  growth tube are presented in  Table 13* 
These data do ind ica te  an increased e f f ic iency  of adsorption.  
However they rep resen t  the r e s u l t s  of a s ingle  experiment.
The E f f e c t s  of  Chemical and P h y s ica l  
Agents on the  Phage
The e f f e c t s  of  the  v a r io u s  chemical  and p h y s i c a l  
agen ts  on the  s u r v i v a l  of these  phage a re  reco rded  in  
Table l4 .  In  s e v e r a l  experiments  the  t r e a t e d  phage have a 
s u r v i v a l  o f  more than  100^. These phage tend to  clump and 
i t  i s  l i k e l y  t h a t  th e s e  h ig h e r  t i t e r s  a re  the r e s u l t  o f  the  
s e p a r a t i o n  of the  members of  the  clumps. An a l t e r n a t e
p o s s i b i l i t y  i s  t h a t  t r ea tm en t  in c r e a s e d  the  a b i l i t y  o f  the  
phage to  adsorb to  h o s t  b a c t e r i a ,  so t h a t  more v i r o n s  were 
co u n te d .
Most o f  the  d a ta  r e p r e s e n t  the  average  of  two ex­
p e r im en ts .  An e x ce p t io n  was the  t r e a tm e n t  of  phage 2H and 
3H w i th  b -m e rc a p to e th a n o l .
Phage 2H and 3H have a s i m i l a r  bu t  n o t  i d e n t i c a l  
s u s c e p t i b i l i t y  to the  agents  used .  Phage VI i s  more r e ­
s i s t a n t  to  low pH than  the phage from s t r a i n  H. Toluene has 
o c c a s i o n a l l y  been used to  p re se rv e  phage s to c k s :  chloroform  
i s  more f r e q u e n t l y  used for t h i s  purpose .  Some chloroform  
s e n s i t i v e  phage have been i s o l a t e d  (Cota-Robles  e t  a l .
1968) .  The two phage i s o l a t e d  i n  H c e l l s  seem to have a 
s l i g h t  s e n s i t i v i t y  to  these  s o l v e n t s .  They d i f f e r  i n  the  
degree  of t h e i r  s e n s i t i v i t y  to  th e s e  ag en ts  and to  a l c o h o l  
as  w e l l  as to  in c u b a t io n  a t  4 C and 56 C.
Phage p repared  in  V oge l 's  medium y ie ld e d  h igh  t i t e r s  
which proved to be s t a b l e  on s t o r a g e .  The t i t e r s  a r e  
s l i g h t l y  lower than  those  o b ta in ed  from n u t r i e n t  b ro th  
c u l t u r e s .  U nl ike  the  broth l y s a t e s ,  t h e s e  phage l o s t  l i t t l e  
o f  t h e i r  t i t e r  on s to ra g e  f o r  s e v e r a l  months. The s to c k s  
were ke p t  on th e  same s h e l f  of  the  co ld  room. The phage 
p rep a red  i n  V oge l 's  medium with  a c e t a t e  as the  carbon source 
y i e ld e d  s l i g h t l y  lower t i t e r s  of  the  phage i s o l a t e d  in  
s t r a i n  H th an  when g lucose  or g l y c e r o l  were the carbon 
s o u r c e s .
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There was no l o s s  o f  t i t e r  from the  phage q u ick ly  
f ro z e n  and s t o r e d  f r o z e n .  L y o p h i l i z a t i o n  did  no t  com ple te ly  
i n a c t i v a t e  the phage so t r e a t e d .  V iab le  c u l t u r e s  were ob­
t a in e d  from a tube one week a f t e r  i t  was f r e e z e  d r i e d .
Because a l l  t h r e e  phage had been found q u i t e  r e ­
s i s t a n t  to  8 M u r e a ,  a k i l l i n g  curve was prepared  u s in g  
phage VI. Up to time t^Q min the  s u r v i v a l  exceeded 100^.
In  one experiment  a sample taken  a t  120 min had a s u r v i v a l  
o f  100^ while  i n  a second experiment  the  s u r v iv a l  was on ly  
76%. In  one experiment  th e re  was a sample taken  a t  150 min. 
In  t h i s  experiment  the s u r v i v a l  was a g a in  100^. However 
phage VI was s t r o n g l y  i n a c t i v a t e d  by 8 M urea  p repa red  in  
e i t h e r  pH 7 or pH 9 g lyc ine-sod ium  g l y c i n a t e  u=0.05 b u f f e r s .  
The b u f f e r s  a lone  were n o t  i n h i b i t o r y  to  the  phage 
(Table l40 .
D e te rm ina t ion  o f  Thermal D é n a tu ra t io n  
o f  Phage DNA
The DNA from phage VI p rep a red  by the micromethod 
of  Cantoni  and Davies d ena tu red  over a narrow tem pera tu re
r a n g e .  I t  should  be r e c a l l e d  t h a t  t h i s  p r e p a r a t i o n  could  be
sp in d le d  i n  the f i r s t  p u r i f i c a t i o n  s t e p .  I t  was p r e c i p i t a t e d  
by c e n t r i f u g a t i o n  from co ld  e th an o l  ou t  of  c i t r a t e  b u f f e r  i n  
the  subsequent  p u r i f i c a t i o n  s t e p s .  The thermal d é n a t u r a t i o n  
p r o f i l e  of  DNA from VI p repa red  by F r e i f e l d e r s  method had a
b roader  t em pera tu re  r an g e .  The Tm f o r  the DNA propanol
p r e p a r a t i o n  by the  micromethod was 86 .5  which i n d i c a t e s  a
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guanine plus c y to s in e  (GC) va lue  o f  64^. That f o r  the 
F r e i f e l d e r s  method was 80 or 54 .5^  (Graph 9)*
The DNA of  phage 2H p rep a red  by the  micro method de­
n a tu r e s  i r r e g u l a r l y  between 60 and 85 C and then  r e g u l a r l y  
to  9 0 .5  C. From th e s e  tem pera tu re  ranges  th ree  Tm and t h e i r  
GC v a lu es  may be d e r iv e d .  One of th e s e  i s  t h a t  f o r  the  
e n t i r e  p r o f i l e  the  o th e r  two f o r  the  two major s e c t i o n s .
I f  the  i r r e g u l a r  and r e g u l a r  p o r t i o n s  of  the  p r o f i l e  a re  
combined t h e i r  Tm i s  90 and GC 70^.  The f r a c t i o n  which de­
n a tu re d  f i r s t  has a Tm of  ?4 C and GC of  44^ the second p a r t
o f  the p r o f i l e  has a Tm of  92 C and GC of  ?4^. When 
F r e i f e l d e r s  t e c h n iq u e  was used to  p rep a re  2H DNA the  p roduct  
had a two mode p r o f i l e .  U n f o r tu n a t e ly  on ly  the f i r s t  phase 
i s  of v a lue  because  the  d é n a t u r a t i o n  was incomplete  a t  100 C, 
the  l i m i t  of  the  c h a r t  on the G i l f o r d .  This GC was 70^
(Graph 11).
The DNA p re p a red  from phage 3H by the Cantoni  and 
Davies techn ique  d e n a tu red  r a p i d l y  between 72 and 82 C, slowly 
to  91 and r a p i d l y  to  93 C. I f  the  f i r s t  two phases a re  com­
bined they  have a Tm of  80 .5  C and GC of  54^, the  second
phase has a Tm o f  92 C and GC of  74^ the  Tm of  the  e n t i r e  
p r o f i l e  i s  81 C and GC 56^. When F r e i f e l d e r s  tech n iqu e  was 
used to  p repa re  the  DNA th e re  was on ly  a s l i g h t  b reak  i n  the 
p r o f i l e .  This i s  o f  i n t e r e s t  because  the  DNA e x t r a c t e d  by 
t h i s  method could  be sp in d led  i n  the  f i r s t  p u r i f i c a t i o n  s te p  
b u t  no t  in  any subsequen t  p r e c i p i t a t i o n .  The d é n a t u r a t i o n
began a t  C. The b reak  occurred  a t  77 C and was completed 
a t  80 C. The Tm v a lu e  o f  the  f i r s t  f r a c t i o n  was 75-5 C and 
the  GC c o n ten t  was 46 .7^ ;  t h a t  of  the  second 78 .5  C and GC 
52^ and the p r o f i l e  as  a whole 76 C and kQfo GC (Graph 10).
The r a t i o  of  absorbancy a t  200 and 260 mpi fo r  the  
s t a n d a rd  DNA p r e p a r a t i o n s  and fo r  the  v i r a l  DNA prepa red  by 
F r e i f e l d e r ' s  method a re  as fo l lo w s :
PI 0 . 79*5 E. c o l i  0 . 87 ; c a l f  thymus 0 .55
VI 0.70;  2H.H 0 .7 ;  3H 0 .7  -  0 . 79 .
I t  seems a p paren t  t h a t  the  p r e p a r a t i o n s  made f o r  t h i s  project  
had a h ig h e r  p r o t e i n  c o n te n t  than  the  commercial ly  p rep a red  
c a l f  thymus. The o r i g i n  o f  t h i s  p r o t e i n  i s  v i r a l .
CHAPTER IV 
DISCUSSION
The r e s i s t a n c e  o f  the s t r a i n s  of Pseudomonas 
ae ru g in o sa  to  a n t i b i o t i c s  was a n t i c i p a t e d .  The unusual  
s e n s i t i v i t y  of  s t r a i n  X to  these  drugs i s  t h e r e f o r e  of 
i n t e r e s t .  Doi e t  a l . (1968) have been a b le  to  e x t r a c t  some 
enzymes from s t r a i n s  o f  Pseudomonas a e ru g in o sa  which a re  
capable  of i n a c t i v a t i n g  the  a n t i b i o t i c s  s t r e p to m y c in ,  
kanamycin and neomycin. The enzyme which i n a c t i v a t e s  neo­
mycin i s  a p p a r e n t ly  the  same as the  one which i n a c t i v a t e s  
kanamycin. An exam ina t ion  of the  s t r u c t u r a l  formulas  of  
th ese  two drugs shows t h a t  they  do have s i m i l a r i t i e s .  They 
bo th  c o n ta in  deoxys t rep tam ine  (Wilson e t  a l . ,  1966).
Examination of  the  da ta  i n  Table 2 i n d i c a t e s  t h a t  
the  r e s i s t a n c e  of s t r a i n s  used i n  th e se  s t u d i e s  must have a 
d i f f e r e n t  p a t t e r n  than  those  s tu d i e d  by Doi. A s tu d y  o f  the  
g e n e t i c s  and enzyme k i n e t i c s  of  the r e s i s t a n c e  to kanamycin 
would be of  i n t e r e s t .  Comparison o f  the  k i n e t i c s  o f  t h i s  
enzyme i n  an i n  v i t r o  s i t u a t i o n  might prove of  v a lu e .  I t  i s  
p o s s ib l e  t h a t  the  neomycin might be unab le  to  induce enzyme 
s y n t h e s i s  b u t  be i n a c t i v a t e d ‘by the  enzyme produced in
^5
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r esponse  to kanamycin. Kanamycin i s  a sm a l le r  molecu le ,  and 
the  in d u c t io n  might f a i l  i n  the  case  of  neomycin because of  
s t e r i c  h ind rance  or a requ i rem en t  f o r  the  bond between two 
of  the  th r e e  components of  kanamycin. The s t r a i n s  i n v e s t i ­
ga ted  by Doi may be induced i n  a d i f f e r e n t  way. The g e n e t i c s  
of  the  r e s i s t a n c e  might be examined by means o f  the  t r a n s ­
d u c t io n  technique. S t r a i n  X would make a good r e c i p i e n t  and 
s t r a i n  P1 and one of the  o th e r  th re e  as donor s t r a i n s  would 
p rov ide  the  m a t e r i a l  of  a p r e l im in a r y  t e s t ,  because  P1 i s  
only s l i g h t l y  s e n s i t i v e  to  neomycin and thus may produce some 
of  the  enzyme i n  response to  t h i s  drug.
Another i n t e r e s t i n g  program would be an i n v e s t i g a ­
t i o n  of  the  mechanism of th e  i n h i b i t i o n  or  b le a c h in g  of  
pyocyanin by Chloromycetin and megamycin. Like l i tm u s  i t  
i s  an i n d i c a t o r  o f  pH. I t  i s  a l s o  an o x i d a t i o n - r e d u c t i o n  
m ed ia to r .  In  the metabolism of c a r b o h y d r a te s ,  t h e r e  i s  i n ­
c re a sed  COp fo rm at io n  from s u b s t r a t e s  m etabo l ized  v i a  the  
phosphogluconate  pathway (Landau e t  a l . 1963)* Thus i t  may 
be a ve ry  s imple  m a t t e r  to  i n v e s t i g a t e .  As may be seen  from 
Table 2 the s t r a i n s  which have t h i s  b le a c h in g  phenomenon a re  
r e s i s t a n t  to  th e s e  d ru gs .  I t  might be p o s s i b l e  to  e x t r a c t  
an enzyme from c e l l s  which would, e i t h e r  a lone  or  i n  an i n  
v i t r o  system wi th  the  phosphogluconate  pathway i n t e r m e d i a t e s ,  
cause t h i s  b le a c h in g .
Fedorko r e p o r t e d  (1967) a r e l a t i o n s h i p  between the  
au top laque  phenomenon and in c re a s e d  i r r i d e s c e n c e , and the
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p resence  of  ch lo ram phen ico l ,  t e t r a c y c l i n e  and s u l f i s o -  
o xazo le .  Wensick (1967) b e l i e v e d  th e re  i s  a r e l a t i o n s h i p  
between the an top laque  phenomenon and t ry p to p h a n  metabolism. 
I t  would be i n t e r e s t i n g  to  de termine whether or no t  these  
drugs have an e f f e c t  on the  metabolism of  t ry p to p h a n  i n  
Ps a e r u g i n o s a .
The v a r i a t i o n  i n  plaque morphology i n  those  phage 
s t r a i n s  no t  c o n s i s t e n t  enough f o r  use  i n  g e n e t ic  s t u d i e s  
might be r e l a t e d  to  d i f f e r e n c e s  i n  t h e i r  a b i l i t y  to  produce 
enzymes a t t a c k i n g  the  b a c t e r i a l  s l im e .  Another p o s s i b i l i t y  
i s  the  r e l e a s e  of  d e f e c t i v e  phage from the  h o s t  c e l l s .
These p o s s i b i l i t i e s  a r e  a c c e s s i b l e  to  i n v e s t i g a t i o n .  
E lu c i d a t i o n  of  the  cause might perm it  development  of  a s sa y  
systems making th ese  v i r u s  u s e f u l  in  g e n e t i c  s tu dy .
The p y o c in - l i k e  s t r u c t u r e  i n  the  3H.H p r e p a r a t i o n  
sug g e s t s  t h a t  t h i s  s t r a i n  may c a r r y  pyocins  which could  be 
induced .  The p r e p a r a t i o n  o b ta ined  could  be used f o r  a com­
p a r i s o n  w i th  the  r e s u l t s  of  s p o t t i n g  c u l t u r e s  of  the  b a c t e r i a  
on lawns of  the  v a r io u s  s t r a i n s .  The a c t i v i t y  o f  th ese  
pyocins might e l u c i d a t e  the  p e rp le x in g  i n c o n s i s t e n c i e s  in  
the  h o s t  range s t u d i e s .
Phage
The a n t i s e r a  p repa red  a g a i n s t  the  t h r e e  phage had K 
v a lu e s  w i th in  the  range  d e sc r ib e d  by Adams f o r  the  T phage 1 
and 5* Feary a l s o  reported low K v a lu e s  f o r  the phage he 
s t u d i e d .  However i n  the  one case  he r e p o r t e d  the  va lue  was
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i n c r e a s e d  from to 46,000 by a second immunization four  
months a f t e r  the f i r s t  b l e e d in g .  An improved an t i se rum  
might perm it  a s h o r t e r  i n h i b i t i o n  t im e.  This would permit  
more samples to  be taken  during the l a t e n t  p e r io d  of  a one 
s t e p  growth exper iment .  The accuracy  of  the  e s t im a te  of  the  
b u r s t  s i z e  would be in c r e a s e d .
Because of  the  poor a d s o r p t io n  of  the  phage to  t h e i r  
h o s t  and because many phage seem to  a t t a c h  to  a s i n g l e  
ba c te r iu m ,  even a t  low r a t i o s  of  phage to  b a c t e r i a ,  t h e r e  
a re  u n in f e c te d  b a c t e r i a  i n  the f i r s t  and second growth tu b e s .  
Some of the Ps a e ru g in o sa  phage a re  a b le  to  a t t a c h  to  
b a c t e r i a  w i thou t  g iv ing  r i s e  to  an i n f e c t i v e  c e n t e r  (Feary  
1964).  This sugges ts  t h a t  no t  a l l  the  c e l l s  in  a popula­
t i o n  a re  subject  to  i n f e c t i o n  by the  phage. Mead (19% ) was 
a b le  to  e x t r a c t  a su bs tance  from s e n s i t i v e  mutants  o f  r e ­
s i s t a n t  s t r a i n s  of  b a c t e r i a  which was a b le  to  i n h i b i t  the  
i n f e c t i o n  by two of  th r e e  phage b u t  enhanced i n f e c t i o n  of 
b o th  s e n s i t i v e  and r e s i s t a n t  s t r a i n s  by the  t h i r d  phage.
This subs tance  was no t  p r e s e n t  i n  the  growth f i l t r a t e  of  
the  b a c t e r i a .  The experiment  made u s in g  the  f i l t r a t e  of  the  
f i r s t  growth tube to  i n c r e a s e  the  a d s o r p t io n  of  phage 3H to  
s t r a i n  H sugges ts  t h a t  subs tances  were p r e s e n t  which d id  i n ­
c re a se  a d s o r p t io n  of  t h i s  v i r u s .
Examination of  F ig .  1—4 shows t h a t  some of the  3H 
phage have long t a i l s ,  whi le  o th e r s  a re  q u i t e  s h o r t .  The 
phage which seem to have a t t a c h e d  and p e n e t r a t e d  the b a c t e r i a l
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c e l l  w a l l  a l s o  have long t a i l s .  I t  i s  su gges ted  t h a t  i t  i s  
the  long t a i l e d  form which a re  capable  of  i n f e c t i n g  the 
b a c t e r i a .  I f  the  s h o r t  t a i l e d  phage a re  incom ple te ,  then  i t  
i s  p o s s ib l e  t h a t  a subs tance  r e l e a s e d  from the  b a c t e r i a ,  
e i t h e r  as a r e s u l t  of  l y s i s  from w i th o u t  or  from phage p ro ­
d u c t io n  might make i t  p o s s ib l e  fo r  th ese  phage to  adsorb  
e f f e c t i v e l y  to the  u n in f e c te d  b a c t e r i a .
D. Cox (p e r so n a l  communication) sugges ts  an a l t e r n a t e  
p o s s i b i l i t y .  I f  the  t a i l  i s  c o i l e d  i n  the  phage which a re  
capable  of  e f f e c t i v e  a d s o r p t io n  then  i t  i s  the  s h o r t  t a i l e d  
form which i s  i n f e c t i o u s .  I f  the  u n c o i l i n g  o f  the  t a i l  i s  an 
i r r e v e r s i b l e  event  those  phage which a re  u n a t tac h ed  and long 
t a i l e d  a re  no t  i n f e c t i o u s .  This could  e x p la in  the  low ad­
s o r p t i o n  r a t e  and the f a i l u r e  of the k of  a d s o r p t io n  to  
i n c r e a s e  with  t ime.  The theo ry  could  be t e s t e d  by p rep a r in g  
phage and s e p a r a t in g  the  two types  by means of  a d e n s i t y  
g r a d i e n t .  The a b i l i t y  o f  each o f  the  f r a c t io n s  to  i n f e c t  
b a c t e r i a  could then  be i n v e s t i g a t e d  by the  c o n v en t io n a l  ad­
s o r p t i o n  experiment .  Thin s e c t i o n s  p rep a red  from the 
a d s o r p t io n  experiment  could  be examined by e le c t ron m ic rosco p y  
and comparisons made of  the  p e n e t r a t i o n  of  the  t a i l s  i n  each 
f r a c t i o n .
The e l e c t r o n  micrographs o f  3H adso rb ing  to  s t r a i n  
H i n d i c a t e  the  phage a re  ab le  to make a d e p re s s io n  i n  the  
b a c t e r i a l  c e l l  w a l l .  This sugges ts  t h a t  the  damage i s  no t  
l i m i t e d  to  the  a re a  o f  t a i l  penetrat ion .  The w a l l  remaining
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between the degenerated areas appears to be swollen. D is t inc t  
layers  may be observed in  the wall s t ru c tu re .  An enzyme 
ex t ra c t  of the phage might make the wall s t ru c tu re  more ac­
cess ib le  to study, both from a chemical and cy to logical  
approach (Fig, 3—3, 5 and Fig. ^—1, 2 and 4-). In
Fig. 3—^ and a 3 min incubation a t  a 3/1 phage/cell  r a t io  
the t a i l s  are seen to be penetra t ing  the wall ,  but the wall 
i s  not yet  depressed. In Fig, h—3 a f t e r  9 min of adsorp­
t ion  a t  a 0.1 r a t i o  the phage on the surface of the bac te r ia  
are in  a depression in  the surface of the c e l l  (Figs.  3—5 
and 5—3)•
Bayer (1968) d e s c r i b e s  the  a t tachm en t  o f  E c o l i  
phage as tak in g  p lace  on ly  a t  s i t e s  where t h e r e  a re  p r o to ­
p lasmic  b r id g e s  between the  membrane and the  c e l l  w a l l .
Bayer used plasmolyzed c e l l s  f o r  th ese  exp er im en ts .  There 
i s  no evidence  t h a t  t h i s  i s  the  case i n  the  3H.H system 
u n le s s  the  s t r u c t u r e s  i n t e r p r e t e d  as t a i l s  a r e  the  p r o t o ­
plasmic  d u c ts  d e s c r ib e d  by him. The membranes of  the  c e l l s  
seem to  be drawn or pushed back from the  c e l l  w a l l  i n  the  
a re a s  of  a t ta c h m en t .
The fac t  th a t  the nonhomologous antiserum increased 
the adsorption of 3H to H suggests tha t  some component of 
th is  serum aids in  adsorption.  The presence of i ron  in  the 
serum suggests th a t  th is  might be the f a c to r .  However some 
other inorganic component such as calcium could also  be 
p resen t ,  or some cofactor for  an enzyme might be present in
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the  serum. F u r th e r  I n v e s t i g a t i o n  should be made. This i n ­
v e s t i g a t i o n  should  i n c lu d e  a serum which does n o t  c o n ta in  
the  p ro d uc ts  of  hemolyzed red  blood c e l l s .  A dd i t io n  of  
CaClg and FeCl^ to  the  n u t r i e n t  b r o th  a re  o th e r  t e s t s  which 
should  be made. The r e s u l t s  of  these  t e s t s  would i n d i c a t e  
the  a d v i s a b i l i t y  of  p e r fo rm in g 'ex p e r im e n ts  which would i n ­
vo lve  the  use  of  more complex su b s ta n c e s .
Comparison o f  the  l a t e n t  p e r io d s ,  burst s i z e  and 
the  GC va lue  o f  th e se  phage with  those d e s c r ib e d  by Grogen 
(1964 and 1964a) and Olsen e t  a l . (1968) i n d i c a t e  t h a t  these  
a re  n o t  i d e n t i c a l  w i th  any o f  t h e i r s  a l th o ug h  th e re  a re  some 
s i m i l a r i t i e s .
Phage VI most resem bles  Grogan 's  phage 2 and O lse n 's  
PX3, bu t  i n  each case  t h e r e  a r e  d i f f e r e n c e s .  VI d i f f e r s  from 
PX3 i n  the  morphology o f  the  v i r o n .  PX3 i s  a s h o r t  t a i l e d  
phage, VI i s  long t a i l e d .  PX3 has a s i m i l a r  l a t e n t  p e r iod  
( I p)  bu t  the  b u r s t  s i z e  i s  l a r g e r  than  t h a t  o f  VI. VI a l s o  
resem bles  phage 2 i n  r e s p e c t  to  the 1p b u t  has  a lower b u r s t  
s i z e .  The d i f f e r e n c e s  i n  b u r s t  s i z e  may r e f l e c t  a d i f f e r e n t  
eop i n  the  PI c e l l s  compared to  the  phage b a c t e r i a l  system 
used by Grogan. I t  would be i n t e r e s t i n g  to  compare the b u r s t  
s i z e  o f  VI i n  the b a c t e r i a l  s t r a i n s  used by th e s e  a u th o r s .
R e s i s t a n c e  to  d i f f e r e n t  c o n d i t io n s  of  chemical  and 
p h y s i c a l  s t r e s s  a re  h a rd  to  compare due to  the  d i f f e r e n c e s  
i n  e x p e r im en ta l  t e c h n iq u e s .  Phage VI seems to  be more r e ­
s i s t a n t  to  h igh  tem p era tu re  than  PX3 bu t  may be l e s s
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r e s i s t a n t  than  phage 2. The Pseudomonas phage r e p o r t e d  in  
the l i t e r a t u r e  seem to  have a common r e s i s t a n c e  to  h igh  pH. 
They d i f f e r  i n  t h e i r  s e n s i t i v i t y  to  low pH. Phage VI i s  
r e s i s t a n t  to  pH as low as V.
The GC value o f  VI p repa red  by F r e i f e l d e r ' s  t e c h ­
nique but no t  by the micro method resembled phage 2, but  was 
much h ig h e r  than t h a t  of  PX3.
Olsen used a phenol e x t r a c t  of  the phage i n  s a l i n e  
c i t r a t e  b u f f e r  and compared h i s  da ta  with  th o se  o f  Marmur 
and Doty (1961).  Grogan used a ch loroform methanol  ex­
t r a c t i o n  and p e r c h l o r i c  a c id  p u r i f i c a t i o n  and d é n a t u r a t i o n  
p rocedure  prior to chromatographic  a n a l y s i s  of  the  b a s e s .
He a l s o  used d e n s i ty  g r a d i e n t  a n a l y s i s .  Thus the  methods 
of Olsen a re  more l i k e  those  reported i n  t h i s  work.
Phage 2H was no t  l i k e  any of  those  r e p o r t e d  i n  these  
papers  i n  r e s p e c t  to  the  I p ,  b u r s t  s i z e  or GC. The GC i s  
h ig h e r  than  any o f  those  r e p o r t e d .
Phage 3H i s  u n l ik e  any of  those  r e p o r t e d  i n  these  
two papers  i n  r e s p e c t  to  the  Ip  and b u r s t  s i z e .  The GC i s  
w i t h in  the  range of those  r e p o r t e d  bu t  i s  n o t  l i k e  any one 
phage .
None of these  a u th o r s  mentions observ ing  the  kinds 
of b reak s  in  the  Tm p r o f i l e  observed w ith  2H and 3H. There 
a re  a t  l e a s t  t h r e e  p o s s ib l e  e x p la n a t io n s  f o r  these  b rea k s .  
One i s  t h a t  th e re  i s  more than  one molecule o f  DNA i n  these  
phage.  Another i s  t h a t  th e r e  i s  one molecule bu t  w i th
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r e g io n s  o f  g r e a t e r  GC c o n te n t .  The t h i r d  i s  t h a t  the DM i s  
contaminated  by p r o t e i n ,  e i t h e r  from the  phage coa t  or 
norm al ly  p r e s e n t  w i th  the  DNA. All  t h r e e  p o s s i b i l i t i e s  
could be i n v e s t i g a t e d .  D ensi ty  g r a d i e n t  c e n t r i f u g a t i o n  
should d i s t i n g u i s h  between the  f i r s t  two and a chemical  t e s t  
f o r  the  presence  of  p r o t e i n  should  i n d i c a t e  the  t h i r d .
CHAPTER V 
SUMMARY
Phage i n f e c t i o u s  f o r  Pseudomonas a e ru g in o sa  have 
been i s o l a t e d  from sewage o b ta in ed  from the  m unic ipa l  sewage 
p l a n t  a t  Norman, Oklahoma. Three of  the  phage were s e l e c t e d  
f o r  c h a r a c t e r i z a t i o n  on the  b a s i s  of  t h e i r  s t a b i l i t y  on 
s t o r a g e ,  the  c o n s i s t e n c y  of  t h e i r  plaque morphology, and 
t h e i r  h o s t  r an g e .  They have been examined i n  r e s p e c t  to  
t h e i r  s e r o l o g i c a l  r e l a t i o n s h i p s ,  a d s o r p t io n ,  one s t e p  growth 
c u rv e s ,  the  type  o f  n u c l e i c  a c i d  and the  base  r a t i o  of  
t h e i r  n u c l e i c  a c id  as w e l l  as t h e i r  s t a b i l i t y  under  t r e a t ­
ment w i th  v a r io u s  chemical  and p h y s i c a l  a g e n t s .
They have been compared as c a r e f u l l y  as d i f f e r e n c e s  
i n  e x p er im en ta l  t echn ique  pe rm i t  w i th  o th e r  Pseudomonas phage 
r e p o r t e d  i n  the  l i t e r a t u r e  (F ea ry ,  196^; Grogan, 196^ and 
Olsen,  1968). They have been found to  be s i m i l a r  b u t  no t  
i d e n t i c a l  w i th  those  r e p o r t e d  i n  the  l i t e r a t u r e .  The phage 
r e p o r t e d  he re  a re  of p a r t i c u l a r  i n t e r e s t  i n  r e s p e c t  to  
t h e i r  a d s o r p t i o n  and base  r a t i o  c h a r a c t e r i s t i c s .
5^
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T able  1
C h a r a c t e r i z a t i o n  of  the Pseudomonas aeruginosa S t r a i n s
S t r a i n
Test P1 . 4 5 X
Pyocyanin^ + H- -f +
Fluo re sce in ^ + + + +
G e la t in a se ^ + 0 0 +
Lipase^
Tween 40 + + + +
Tween 60 + + + +
Tween 80 + + + +
Change i n  pH^ a l k a l i n e a l k a l i n e a l k a l i n e a l k a l i n e
Oase inase^ l i g n i f i ­
c a t io n
l i g n i f i ­
c a t i o n
l i g n i f i ­
c a t i o n
l i g n i f i ­
c a t i o n
Growth:
 ^ C 0 0 0 0
31 0 + + + +
37 C + + + +
i+2 C + + + +
A u to ly s i s ^ + + + +
+ P o s i t i v e  t e s t ;  0 n e g a t iv e  t e s t .
^King's media A and B (195^)*
^ F ra z ie r ' s  Gelatin.
^Sieras medium (1957) Tweens are f a t t y  acid e s te r s  
of a so rb i tan  de r iv a t iv e :  40 pa lm it ic ,  60 s t e a r i c ,  80 o le ic ,
^Litmus milk.
^Wensinck's medium (1967).
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Table 2
Drug S e n s i t i v i t y  of the  Pseudomonas S t r a in s
S t r a in s  of  Pseudomanas
Drug 
c on e . 
i n  meg.
Ps
p u t id a
Ps
f l u o -
r e s c e n s P1
Ps ae ru g ino sa
4 5 X H
Aureomycin 5 S S R 81 SI S R
10 Sxx S R SI SI S SI
30 Sxx S R 81 SI S 81
Chloromycetin  30 Sx S R* R R S R
Erythromycin 2 Six Rxx R M  mm mm mm M  mm —
15 Six Rxx R R R s R
Kanamycin 5 Sx SI R R R s R
30 S Sxx R R R s R
Megamycin 1 R R R R R s R
Neomycin 30 Sxx S SI S 8 s S
Novobiocin 30 R R R SI R s R
P e n i c i l l i n  2 u n i t s R R R R R s R
10 u n i t s R R R R R 8 R
Polymyxin 10 SI XX Sxx S S 8 SI 8
Terramycin 5 R Sxx R* R 8 8 Sl-R
10 Sxx S R R R S Sl-R
30 S Sx R SI 81 S R
Streptomycin 10 —  — —  — S S S R
S: S e n s i t i v e .
SI: S l i g h t l y  S e n s i t i v e .
R: R e s i s t a n t .
Not done.
Bleaching  of  pyocyanin p ro d u c t io n  of  i r r i d e s c e n c e  
and p laqu es .
x: ^8 hour  c u l t u r e s  l e s s  s e n s i t i v e .
XX: 48 hour cu l tu res  more s e n s i t iv e .
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Table 3
The Growth of S t r a in s  P1 and H a t  37 C wi th  A era t io n
Time in 
Honrs
The bac ter ia  grown from an absorbancy 
of 0.05 a t  1+20 mji
: P1 /ml X 1o7 H /ml X 1o7
0 5.1 1.7
2 3.1+
1 2.8 3
2.7 1.97
2 2.8 1 .^7
7 .5 2.18
3 65 If
59 9 .8
4 80 29
110 62
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Table ^
The Growth o f  S t r a i n s  PI and H a t  37 C w i th  A e ra t io n ,  in  
V o g e l 's  Medium w i th  Three D i f f e r e n t  Carbon Sources 
(Growth i s  reco rd ed  as i n c r e a s e  
i n  adsorbancy a t  *+20 m;i)
Time
i n
Hours
PI
Glucose
PI
G lycero l
PI
A ce ta te
H
Glucose
H
Glycero l
H
A ceta te
0 0.08 0.09 0.07 0 .0 5 0 .0 5 0 .06
2 0 .2 0.23 0.05 0.09 0.1 0 .05
3 1/2 0.68 --- 0.07 0.12 0.28 0 .06
^ 1/2 g r e a t e r
than
1.0 0.99 0.11 0.1 0 .25 0.1*+
5 1/2 1.0 0 .17 0.13 0.23 0.18
8 0.31 0.3^ 0.3^ 0.17
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Table 5
Dimensions of  the  Bacter iophage
Phage
Dimensions i n  Angstroms
Head
Length Width
T a i l  
Length Width T o ta l  Length
1 5x 4-^0 1^0 150 590
1 5 zc 4^-0 310 980 100 1520
g l  c l e a r 4-60 860 *90-190 1390
3b 2 ^20 1C40 130 194c
VI 380 970 1460**
2H 34-0 110 100--
3H 390 100-390 100
*The sm a l l e r  number r e p r e s e n t s  the  c o n t r a c t e d  
s h e a t h ,  the  l a r g e r  the  t a i l  w i th  the  sh e a th  u n c o n t r a c t e d .
**The knob has the  dimensions 660 x 280.
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Table 6
Host Range o f  the  Bacter iophage
Phage
Strain  of Pseudomonas aeruginosa
PI >+ 5 X H
VI + + 0 0 0
1 5 X + + + + +
1 5 zc + + + + 7
gl + 0 0 plaques 9
Q1 + + + +
3b + - - 0
2H + + 0 + +
3H + + + + +
+: a c l e a r  a re a  i n  the  i n t e r s e c t i o n  of
th e  c ross  s t r e a k s .
0
the  c ro ss  s t r e a k s
r e a c t i o n  d o u b t f u l .
experiment  n o t  done.
no c l e a r i n g  i n  the  i n t e r s e c t i o n  of
6!+
Table 7 
E f f i c i e n c y  o f  P l a t i n g
B a c t e r i a l
S t r a i n s
Phage
VI 2H 3H
P1 8 . 5  X IQlO 1 .5  X io5 1 . 2  X 10^
k- 1 X 10? 2 X 10? 8 X 10?
5 1 X 10& 1 . 3  X 1Q10 1 X 10^0
X 1 X 1o8 2 X 1Q10 1 X 10^0
H 0 1 X IQlO 3 X 10^0
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Table 8
Plaque Morphology and Host  Range
Phage
S t r a i n
B a c t e r i a l S t r a i n
PI 4
Gl^ Mixed c l e a r A f a i n t  h a lo
and t u r b i d plaque i s  sm all
3 b Mixed some 
have c l e a r  
c e n t e r s  o t h e r s  
a c e n t r a l  
colony
No p laques
Q1 Mixed ve ry Center  of
l a r g e  c l e a r plaque c l e a r
w i th  or  w i t h ­ i r r e g u l a r
out  c e n t r a l  
colony w ith  
or w i th o u t  a 
h a lo
h a lo
Q1 c l e a r No plaques No plaques
Q2 Mixed Tiny ve ry
morphology c l e a r  p laques
Q2 c l e a r Mixed Small t u r b i d
morphology plaques
4
Gl cannot  be regrown i n  P1 c e l l s  bu t  the  c l e a r  
p laques '  from g l  w i l l  grow i n  PI and y i e l d  a mixed mor­
phology.
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Table 8—Continued
B a c t e r i a l  S t r a i n
5 X H
Small ve ry  
c l e a r  plaque 
no ha lo
Mixed c l e a r  
and tu r b id  
plaques
No plaques
No plaques No plaques A u to ly t i c
e f f e c t
Center  of 
p laque  ve ry  
c l e a r  no 
ha lo
Plaques ve ry  
c l e a r ,  l a r g e
Small ve ry  
t u r b i d  plaques
No plaques No plaques No plaques
Mixed bu t  
most a re  
small  c l e a r  
p laques
Clear
plaques
Probably
a u t o l y t i c
Mixed some 
have a 
c e n t r a l  
colony o th e r s  
a ha lo
All  a r e  ve ry  
c l e a r
No p laques
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Table 9
K Values of the Homologous Phage and A n t i s e ra
Phage
and
Serum
D i lu t i o n
of
Serum
I n a c t i v a t i o n
Time K Value
VI 1/500 10 min 100
2H 1/100 10 min 32-^^
3H 1/100 10 min 31-^0
Table  10
S e r o lo g ic a l  R e la ted n ess  of  the  Phage 
s u r v i v a l  of  tg  t i t e r )
Antiserum D i l u t i o n Phage % S u rv iv a l R e la te d n e ss
VI ^ 1/100 vi3 0.66 homologous
VI^ 0 . 3 3 homologous
gl  c l e a r 87.00 d o u b t fu l
Q 100 n o t  r e l a t e d
1^ X 100 n o t  r e l a t e d
1 5 ZC 100 n o t  r e l a t e d
VI^ 1/500 VI 13 homologous
2H ^7 no t  r e l a t e d
3H 30 not  r e l a t e d
2H^ 1/100 VI 58.0 n o t  r e l a t e d
2H 4 .0 homologous
3H 1 .0 c l o s e l y  r e ­
l a t e d
3H^ 1/100 VI 210.0 not  r e l a t e d
2H 2 .5 c l o s e l y  r e ­
l a t e d
3H 0.48 homologous
1 Incuba ted  5 min a t  37 0
Incuba ted  10 min a t  37 C. 
^Prepared  i n  n u t r i e n t  b r o th .  
^Rrepared i n  V o g e l ' s  medium.
T a b l e  11
The P e r c e n t a g e  o f A d s o r n t i o n  o f  P s e u d o m o n a s P h a g e t o  i t s  H o s t B a c t e r i u m
Time
R a t i o  
VI P h a g e  t o  
PI c e l l s
R a t i o  
2H P h a g e  t o  
H c e l l s
R a t i o  
3H P h ag e  t o  
H c e l l s
R a t i o  
3H P h a g e  t o  
5 c e l l s
i n
M i n u t e s 0 . 0 7 0 . 1 3 0 .1 2  0 . 3 8 0 .1 1 . 0 0 .0 2  0 . 0 3
2 - 3 5 . 8 6 0 . 0 1 . 6  0 . 3 8 8 . 3  2 3 . 0
5 - 6 2 . 1  6 . 9 0 . 1 7 4 . 0
7 5 6 . 9 6 0 . 0 2 .1  5 . 1
8 - 9 2 .0 1 .8 9 . 4  4 5 . 0
10-1 1 86 1 . 9 2 .0
1 2 - 1 3 6 0 .0 2 4 . 8 1 . 4 1 0 . 7  5 1 . 0
14-1 5 1 . 9
1 7 - 1 8 4 5 5 . 7 3 2  75
1 9 - 2 0 86 2 . 8  1 0 . 3 1 0 0
2 5 9 7 8 0 4 . 8 7 . 9 24  6 3 0
27 2 9 . 7
3 0 100 86 3 2 29
3 5 110
o\
vD
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Table 12
A dsorp t ion  V e lo c i ty  C ons tan ts  of  
Pseudomonas Phage to  i t s  Host
Phage Bacterium Ratio
Time
min. K in  ml/min
VI PI 0.07 2 1 X 10-10
25 8 .5 X 10-10
0.13 2 2.^ X 10-9
25 X 10-10
2H H 0.1 2 1.3 X 10-7
20 7 X 10-9
0.38 2 3 .7 X 10-8
10 3 X 10-9
3H H 0.1 6 2 .8 X 10-9
17 X 10-10
1 .0 5 3.1 X 10-8
10 8.^ X 10-9
5 0.02 3 3.1 X 10-9
12 6.1 X 10-9
0.03 3 7.7 X 10-9
12 9 .0 X 10-10
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Table 13
The E f f e c t  of the  Growth S u p e rn a tan t  on 
A d so rp t io n  of  the  Homologous Phage*
Time
in
min.
$ Adsorp t ion
Superna tan t Broth
3 80 30
9 100 76
12 90 k-0
15 81 75
17 — — 120
not  done.
: the  phage was 3H.H.
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Table
The E f fe c t s  o f  some Chemical and P h y s ic a l  Agents 
on Phage VI 2H and 3H
Agent
Phage
VI 1H 3H
P e rce n t  S u rv iv a l
Toluene ^0fo 28. 120. 48.
.Chloroform 10^ 63. 88. 240.
Peroxide  0 .3 ^ 59. 8. 3 7 .
E thanol  10% 72. 55 . 130.
Thymol 0 .05^ 690. 59 . 48.
Mercapto-
E thanol  1 .5  M 44, 0. 0.
0.15 M 38. 0. 0.
8 Mlïnsa pH 7 77. 65. 58.
8 M Urea pH 9 0 0. 0
8 M Urea pH 10 0 9 . 0
B u f fe r s  pH
A ceta te  3«*+ 100. 0. 0.
A ce ta te  4 .9 92. 0.23 0 .14
A ceta te  5«0 160. 0.58 0.93
A c eta te  5-6 130. 9 .7 15 .
Glycine 9 - 0 200. 140. 200.
Glycine 9*5 97. 100. 200.
Glycine 10.0 150. 9 5 . 67.
Temperature 4 C 9 3 . 58. 100.
31 C 270. 51. 7 7 .
46 C 7 9 . 130. 180.
1 5 Min 5^ C 130. 58. 94.
15 Mïn 56 C 60. 5.4 3 4 .
V o g e l ' s  
Medium Date
T i t e r
Glucose
Glycerol
A ceta te
Jan
Ju ly
Jan
J u ly
Jan
Ju ly
9.8x10°
5x10°
IxAog
1%109
1.2x10?
3 . 8 x 1 0 1 0
3 . 5 x i o i o
3 . 7 x109
1x1 o y
3x10?
1.8x10?
7 .3x10 l0
3 . 7x 1010
1x1 o9 
3x1 o9 
2.6x10?  
1.3x10?
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F ig u re  1
1 Phage VI. X 329,ltOO.
2 Phage l^x.  X 67,200.
3a Phage 1$x. X 15^,800.
3 Phage 2 L  X 199,200.
4 Phage 3H. X 116,400.
5 Phage on d e b r i s ,  phage a re  probably  ghosts .  X 155,450.
7h
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F ig u re  2
1 Probable  pyocin  from s t r a i n  H. X 199,200.
2 g l  c l e a r  t a i l  s t r u c t u r e  or pyocin  from s t r a i n  P I .
X 329,^00.
3 Phage g l  c l e a r ,  no te  the  resemblence to the  s t r u c t u r e s
in  1 and 2. X 256,200.  
h Phage 2H w i th  s t r a i n  H. X hh,625>
5 Phage 3b2 c a r e f u l  examination f o r  the  presence  of  t a i l
f i b e r s  ex tend ing  l a t e r a l l y  to  the  long a x i s  of 
the t a i l .  X 88,200.
6 Phage l 5 z c .  X 116,^00.
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F ig u re  3
1 U nin fec ted  s t r a i n  H o f  Pseudomonas a e r u g i n o s a . X 22,880.  
1a S t r a i n  H of  Ps ae ru g in o sa  with  phage 2H a t  time tg
The r a t i o  o f  phage to  b a c t e r i a  was 3 / 1 - X 38,250.
2 S t r a i n  H of  Ps. a e ru g in o sa  with  phage 3H a t  t ime t  ^0 sec
This p r e p a r a t i o n  was t r e a t e d  w i th  serum a t  time 
^0 sec the  r a t i o  of phage to  b a c t e r i a  was 30/ 1 .
X 51 , 000 .
3 S t r a i n  H of  Ps ae ru g in o sa  w i th  phage 3H a t  time t  1 min,
no serum was used i n  t h i s  exper im en t ,  the r a t i o  of  
phage to  b a c t e r i a  was 3 /1•  Phage a t  t h i s  time may 
be a t t a c h e d .  X 77 ,^00 .  
h S t r a i n  H of  Ps a e ru g in o sa  w i th  phage 3H a t  time t  3 min, 
no serum was used i n  t h i s  exper im ent ,  the  r a t i o  of 
phage to  b a c t e r i a  was 3 /1•  There i s  some evidence  
t h a t  phage t a i l s  have a t t a c k e d  the  c e l l  w a l l .
X 88,200.
5 s t r a i n  H of  Ps a e ru g in o sa  w i th  phage 3H a t  time t  4 min,
serum was used in  t h i s  exper im en t ,  the r a t i o  of
phage to  b a c te r iu m  was 3 0 .1 .  E x tens ive  damage to  
the  c e l l  w a l l  has t aken  p l a c e .  X 132,800.
5a S t r a i n  H of  Ps ae ru g in o sa  w i th  phage 3H at  time t  h min,
serum was used i n  t h i s  exper im en t ,  the  r a t i o  of
phage to  b a c t e r i a  was 30 /1 .  L ysis  from w i th o u t  i s
tak in g  p l a c e .  X 19,500.
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F ig u re  *+
1 S t r a i n  H of  Pseudomonas a e ru g ino sa  w i th  3H phage a t  time
t  k  min, t h i s  p r e p a r a t i o n  had r e c e iv e d  serum t r e a t ­
ment, the r a t i o  of  phage to  b a c t e r i a  was 30 /1 .
X 58,800.
2 S t r a i n  H of  Ps ae ru g in o sa  w i th  phage 3H a t  time t  4- min
t h i s  p r e p a r a t i o n  r e c e iv e d  serum t r e a tm e n t ,  the  r a t i o  
of -phage to  b a c t e r i a  was 30 /1 .  X 129,600.
3 S t r a i n  H of Ps a e ru g in o sa  w i th  phage 3H a t  time t  9 min
the  p r e p a r a t i o n  had re c e iv e d  serum t r e a tm e n t ,  the  
r a t i o  o f  phage to  b a c t e r i a  was 0 .1 .  There i s  
evidence t h a t  the t a i l  o f  the  phage has p e n e t r a t e d  
the  w a l l  and t h a t  i n  some cases  the membrane has 
s e p a r a te d  from the  w a l l  a r e a .  X 132,800.
4 S t r a i n  H of Ps a e ru g in o sa  w i th  phage 3H a t  time t  30 min,
the  p r e p a r a t i o n  r e c e iv e d  serum t r e a tm e n t ,  the  r a t i o  
of  phage to  b a c t e r i a  was 0 .1 .  The b a c t e r i a  a re  de­
g e n e r a t in g ,  a t  t h i s  time the  breakdown of  the  
b a c te r ium  could  be due to  the  b u r s t .  X 28,350.
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F i g u r e  5
1 S t r a i n  H of  Pseudomonas a e ru g in o sa  w i th  phage 3H a t  time
t  6 min, serum was used i n  t h i s  exper iment .  The 
r a t i o  of phage to  b a c t e r i a  was 0 .1 .  I t  i s  suggested  
t h a t  i t  " s t a in e d "  b a c t e r i a l  exu d a tes .  X $1,4^0.
2 S t r a i n  H of Ps a e ru g in o sa  w i th  phage 3H a t  time t  10 min,
serum was used i n  t h i s  exper im ent ,  the  r a t i o  of
phage to  b a c t e r i a  was 3 0 /1 .  The phage no t  a t t a c h e d  
■ to  the  b a c t e r i a  must have been l i b e r a t e d  du r ing  the 
p r e p a r a t i o n  of  the  g r i d .  X *+^+,800.
3 S t r a i n  H of Ps a e rug in osa  w i th  phage 3H a t  time t  15 min,
no serum was used i n  t h i s  exper im en t ,  the  r a t i o  of
phage to  b a c t e r i a  was 3 / 1 • The l e n g t h  of  the  t a i l s  
i s  o f  i n t e r e s t  some t a i l  l i k e  o b j e c t s  may be debr is .  
X 103,600.
4- S t r a i n  H of  Ps ae ru g in o sa  w i th  phage 3H a t  time t  20 min, 
no serum was used i n  t h i s  exper im en t ,  the  r a t i o  of 
phage to  b a c t e r i a  was 3/1•  Both' i n t a c t  and degener­
a t i n g  c e l l s  a re  p r e s e n t ,  a t  t h i s  time d e g e n e ra t io n  
i s  p robably  due to  c e l l  w a l l  damage r a t h e r  t h a n  to  
b u r s t s . X 3^ ,000 .
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Graph 1
The growth o f  Pseudomonas a e ru g in o sa  s t r a i n  P I . 
Curve a :  Growth a t  37 C w i th  shak ing .
Curve b : Growth a t  31 C w i th o u t  shaking,
Graph 2
The growth of  Pseudomonas a e ru g in o sa  s t r a i n  H.
Curve a :  Growth a t  37 C w i th  shak ing .
Curve b: Growth a t  31 C w i th o u t  shaking.
Graph 3
The growth o f  Pseudomonas a e ru g in o sa  s t r a i n  5* 
Curve a :  Growth a t  37 G w i th  shaking .
Curve b :  Growth a t  31 C w i th o u t  shaking,
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Graph 4
One s t e p  growth curve o f  b a c te r io p h ag e  VI grown In  
Pseudomonas ae rug in o sa  s t r a i n  P1.
Graph 5
One s t e p  growth curve of  ba c te r io p h ag e  2H grown in  
Pseudomonas a e ru g in o sa  s t r a i n  H.
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Graph 6
One s t e p  growth curve of b a c te r io p h a g e  3H grown in  
Pseudomonas a e ru g in o sa  s t r a i n  H.
Curve a :  The t y p i c a l  exper iment .
Curve b: Modif ied to i n c r e a s e  the  number of  i n ­
f e c t i v e  c e n t e r s  dur ing  the  l a t e n t  p e r io d ,
Graph 7
One s t e p  growth curve of  b a c te r io p h a g e  3H grown in  
Pseudomonas ae ru g in o sa  s t r a i n  5*
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Graph 8
The s ta n d a rd  curve of  Tm a g a i n s t  the  p e rc e n t  of  guanine 
p lus  c y to s in e  i n  deoxyribose  n u c le ic  a c i d s .  The 
sources  of  n u c l e i c  a c id  a re  E sc h e r ic h ia  c o l l , 
Pseudomonas ae rug in o sa  and c a l f  thymus.
Graph 9
The thermal  d é n a t u r a t i o n  p r o f i l e  o f  the n u c le ic  a c id  from 
b a c te r io p h ag e  VI.
Curve a :  The n u c le i c  a c id  was e x t r a c t e d  by the
phenol micro method.
Curve b: The n u c le i c  a c id  was e x t r a c t e d  by the
m o d i f i c a t io n  of F r e i f e l d e r ' s  t e c h n ic .
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Graph 10
The thermal  d é n a t u r a t i o n  p r o f i l e  of  the  n u c l e i c  a c id  of  
b a c te r io p h ag e  3H.
Curve a: The n u c le ic  a c id  was e x t r a c t e d  by the
phenol-micro  t e c h n ic .
Curve b: The n u c le ic  a c id  was e x t r a c t e d  by the
m o d i f i c a t io n  of  F r e i f e l d e r s  t e c h n ic .
Graph 11
The therm al  d é n a t u r a t i o n  p r o f i l e  of  the  n u c l e i c  a c id  of  
b a c te r io p h a g e  2H.
Curve a :  The n u c l e i c  ac id  was e x t r a c t e d  by the
phenol-micro  t e c h n ic .
Curve b: The n u c le ic  a c id  was e x t r a c t e d  by the
m odif ied  F r e i f e l d e r ' s  t e c h n ic .
Curve c: The n u c le ic  a c id  was e x t r a c t e d  by the
m odif ied  F r e i f e l d e r ’s t e c h n ic  bu t  r e ­
suspended i n  the  s a l i n e  c i t r a t e  b u f f e r ,  
i t  was d i l u t e d  i n  the  same b u f f e r  as the  
o t h e r  n u c le ic  a c id  p r e p a r a t i o n  a t  the  
time the  d é n a t u r a t i o n  experiment  was made,
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